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A PHYSIOLOGICAL STUDY INVOLVING THE INITIATION OF 
RESPIRATION IN RESTING CELLS OF STREPTOCOCCUS LACTIS
INTRODUCTION
Streptococcus lactla is probably the most important 
starter organism used by the dairy industry* It Is used 
in the production of butter, cottage cheese, and many 
varieties of ripened cheeses* The importance given to 
this organism has been limited primarily to its acid pro­
ducing capacity (it is capable of converting approximately 
96 per cent of the glucose in a culture to lactic acid), 
although, it has recently been found to have a proteolytic 
action on milk proteins*
A thorough understanding of the physiology of this 
organism would solve at least two important problems of 
the dairy industry* The first problem Is the loss of acid 
production in starter cult tires5 small plants find It ex­
tremely troublesome to handle cheese starters as their 
capacity to produce acid is greatly diminished If the cul­
tures are not transferred regularly. The acid producing 
ability may also be reduced by freezing or lyophllization 
of cultures for storage*
The second problem concerns the ripening of cheese*
It costs approximately one cent a pound per month to store 
cheese during the ripening process* Without this ripening
2period, however, the cheese would not have its flavor 
and aroma for during this time the inherent enzymes of 
the milk, the enzymes contained in the rennet, and those 
of the starter organisms are catalysing changes in the 
cheese that lead to metabolic end product accumulation®
It is through the accumulation of some of these compounds 
that the various cheeses obtain their characteristics*
The development of new techniques in recent years 
has opened a new field in cheese research. New methods 
of analysis have enabled the Investigator to make quali­
tative and quantitative analyses of many of the organic 
compounds produced during cheese ripening* From these 
analyses it Is possible to make some correlation between 
flavor development and the presence of specific compounds*
As this line of investigation progresses we can fore­
see a controlled method of cheese ripening* If we are to 
control the synthesis of specific compounds, we must first 
know the metabolic pathways leading to their synthesis and 
we must know the effects of the environmental conditions 
found in cheese upon the various Individual reactions of 
the pathways*
This Investigation was undertaken in an effort to con­
tribute to the solution of these two problems* The approach 
used was to determine if S* lactis were capable of breaking 
down lactic acid and If so, what conditions were required
for this dissimilation; if this did occur, it could account 
for a loss of acid production and could also lead to the 
accumulation of oertain end products that may be important 
in the flavor and aroma of certain cheeses*
The enzymatic activity in these investigations was de­
termined manometrieally in the Warburg apparutus* As the 
literature revealed little as far as respiration by S* lac­
tis was concerned and as it was difficult to produce ac­
tively respiring cell suspensions, it was necessary to make 
a complete study of the faotors influencing oxygen uptake 
by this organisn* This constituted the major portion of 
this study*
LITERATURE SURVEY
Investigations dealing with respiration by Strepto­
coccus lactis are very limited and In most cases the re­
sults from these investigations reveal negative findings, 
while studies of dissimilation by this organism show its 
activity to be limited almost entirely to the activation 
of carbohydrates. In view of the fact that the S* lactis 
literature is so limited on these topics this survey in­
cludes a review of the literature involving the respira­
tion and oxidation of non-carbohydrate substrates by org­
anisms of the genus Streptococcus*
STREPTOCOCCAL RESPIRATION 
The respiratory mechanisms of the streptococci have 
not as yet been entirely elucidated* Their relationship 
to other organisms is brought out by a statement made by 
Callow (1924) concerning S* acldl lactlcl (S* lactis)»
She stated, "This organism in fact appears to bridge the 
gulf between aerobes and anaerobes* Like an aerobe it 
can grow aerobically on the surface of an agar slope, an 
action that no anaerobe can perform, and yet like an an­
aerobe It has no catalase and Is only capable of taking 
up small quantities of oxygen*” This statement holds true 
for most but not all of the streptococci*
Hydrogen Peroxide Production
One of the characteristics of aerobic growth by the
5streptococci is the production of hydrogen peroxide* These 
organisms do not have cytochrome systems and the yellow en­
zymes are given a primary role in hydrogen transport; the 
reduction of oxygen by the yellow enzymes accounts for the 
peroxide production*
Tests for hydrogen peroxide have been carried out in 
most of the studies concerning streptococcal respiration; 
the results show most of the streptococci to form peroxide 
when grown aerobioally* McLeod and Gordon (1923) in form­
ulating a system for bacterial classification according to 
catalase production and sensitiveness to hydrogen peroxide 
classified many streptococci as being non-catalase produ­
cers with a moderate sensitiveness to peroxide*
The following year Avery and Morgan (1924) found 6 
strains of noa-hemolytic streptococci, 15 of 23 strains 
of S* pyogenes, and 1 of 3 strains of S* mucosus to form 
peroxide when cultured aerobically*
More recently, Farrell (1935), studying 22 strains of 
streptococci, mostly pathogenic, reported peroxide to ac­
cumulate in the majority of cultures which were freely 
aerated* An investigation of 75 strains of Group A strep­
tococci by Fuller and Maxted (1939) revealed that all but 
type 3 were found to produce peroxide*
These results indicate that most streptococci produce 
peroxide, however, the work of Gordon (1933) brings out 
the fact that environmental conditions may influence per­
6oxide formation* He caused some non-peroxide forming (as 
indicated by greening of blood agar plates) pathogenic 
streptococci to become green formers by adding sodium lac­
tate, a possible hydrogen donor, to the medium*
Other references to peroxide production by strepto­
cocci are found in articles by Greisen and Gunsalus (1934), 
Gunsalus and Umbreit (1945), Niven et_ al, (1945), Dolln 
and Gunsalus (1949), 0*Kane (1950), Seeley and Rio-Estrade 
(1951), Wolin and coworkers (1952) and others*
Peroxide Decomposition
If these organisms do produce peroxide as shown from 
the literature and if they are moderately sensitive to it 
as McLeod and Gordon (1923) claimed, then they must have 
a peroxide decomposing system if they are to survive when 
being cultivated aerobically*
An examination of the investigations along this line 
shows this to be the case, however, these investigations 
also show this group of organisms to be heterogeneous as 
far as the method of peroxide decomposition is concerned* 
Oatalase
As has been previously mentioned, McLeod and Gordon 
(1923) classified many streptococci as being non-catalase 
producers* During the same year, an investigation by 
Callow (1923) showed S* lactis, S* pyogenes, and a cheese 
streptococcus to give negative tests for catalase
7production.* The following year Virtenen (1924) was also 
unable to demonstrate the presence of catalase in S* lac— 
tis*
A study conducted on 22 streptococci by Farrell 
(1935) was unsuccessful in detecting catalase, while Ful­
ler and Maxted (1939), investigated type 3 streptococci 
of Group A which differ from the other organisms in that 
group by not producing peroxide when grown in various 
media, found growth in aerobic but not anaerobic culture 
to be Inhibited by catalase*
Freifs (1935) report contrasted the above negative 
findings, he reported S. lactis and S. equi as being cat­
alase producers, while S* pyogenes and S* agalactlae were 
found to lack this ability*
Peroxidase
The most common peroxide decomposing mechanism util­
ised by streptococci seems to involve peroxidase* These 
peroxidases are not Identical in all cases as reports have 
shown them to vary in thermostability* In cases where 
they have been characterized, they appear to differ from 
the classical peroxidases by being cyanide insensitive 
(not iron containing)*
The non-accumulation of %2°2 a strain of £>* agal­
actlae during alcohol oxidation was attributed by Greisen 
and Gunsalus (1943) to a thermolabile, non-cyanide-sensitive,
8peroxidase-type system* Farrell (1935) was able to demon­
strate peroxidase; his results indicate that the so-called 
bacterial peroxidase of the streptococci is thermostable 
and contains no iron*
Success was also had by Callow (1926) and Fret (1935); 
Callow showed S. lactis to give a slight peroxidase reac­
tion and Frei reported S* lactis to produce peroxidase,
S. pyogenes, and S* equl to be variable, and S* agalactiae 
to be negative in peroxidase production*
Workers who were unsuccessful in demonstrating per­
oxidase in streptococci include Stapp (1924), who found 
one culture of streptococcus to be peroxidase negative, 
and Anderson (1930), who had no success in her work with 
S* bo via and £5* llqui facelns*
Flavine Compounds
O’Kane (1950) found that S* fRecalls suspensions formed 
acetate and CO2 as the main end products of glycolysis in 
the presence of the pyruvate oxidation factor* The expected 
amount of peroxide did not accumulate during the oxidation; 
he implicated a flavin derivative in the reaction*
Another oxidation carried out by S. faecalis was 
studied by Dolin and Gunsalus (1949); alpha-ketoglutarate 
was oxidized to form succinate but no peroxide was formed*
It is interesting to note that the oxidation was stimulated 
by adenosine and riboflavin*
9The role of riboflavin in these reactions may be
indicated by the findings of Seeley and Rio-Estrada 
(1951)* They presented evidence that in S* faepalls cul- 
tures having the peroxidase ability (the disappearance of 
free peroxide by a reaction with a reduced carrier), the 
disposal of free peroxide takes place by a reaction with 
a reduced flavin compound*
Hydrogen Transport Systems
A tentative classification of bacteria into 7 groups 
was made by Prei (1935) according to the following respir­
atory enzyme combinations: 1 , dehydrogenases; 2, dehydro­
genases plus flavin or another respiratory pigment; 3, de­
hydrogenases plus peroxidase and catalase; 4, group 3 en­
zymes plus indolphenol oxidase (cytochrome oxidase); 5, 
group 3 enzymes plus cytochrome; 6, group 5 enzymes plus 
cytochrome oxidase; and 7, a pigment plus group 6 enzymes* 
Anaerobes and S* agalactlae were given as examples 
of group 1 organisms, lactic acid bacteria were classi­
fied under group 2, and £>* equi, S. lactis and S* pyogenes 
were put Into group 3*
As far as present knowledge of respiratory enzymes 
in the streptococci is concerned, only those enzymes in 
Frei’s first 3 groups are involved* Current concepts of 
bacterial respiratory systems lead one to conclude that 
flavo-proteins are of primary importance in hydrogen 
transfer*
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Cytochrome System
It has been said that facultative anaerobes differ 
from the aerobes, which have a full complement of oyto- 
chromes and the obligate anaerobes which have no cyto­
chromes, by containing only a partial complement of cyto­
chromes (Porter 1948)* If this classification holds true, 
one would expect to find one or two cytochromes and cyto­
chrome oxidase in the streptococci* There Is, however, no 
substantial evidence, as far as the author knows, presented 
in the literature that a cytochrome system is involved in 
the respiration of these organisms*
Gordon and McLeod (1928) obtained negative results 
when testing streptococci for a thermolabile direct ox­
idase system (cytochrome oxidase) by bringing colonies In 
contact with dim©thyl-para-phenylenediamine hydrochloride* 
Fujita and Kodama (1935) reported that S* pyogenes lacked 
cytochrome; while Yaoi and Tamiya (1929), in examinations 
of large numbers of bacteria far the presence of cyto­
chromes, found facultative anaerobes, which included a 
culture of S* eryslpelatis, to possess two cytochrome 
bands. Kuhn ejb al, (1931), however, examined most of the 
streptococci used in Farrell’s (1935) study and 3 strains 
of S* eryslpelatis repeatedly, but could demonstrate no 
cytochrome bands in cultures or suspensions of the organ­
isms* Farrell (1935) was unable to detect the presence 
of cytochrome oxidase in the 8 cultures which he examined*
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Bier and Reis (1930), using the technique of Gordon 
and McLeod (1928), tested 26 strains of streptococci and 
reported that some of the cultures gave the oxidase reac­
tion* The one culture of streptococcus used in Loele's 
(1929) study gave a negative oxidase test*
It was reported in Frei*s (1935) article that neither 
cytochrome or cytochrome oxidase could be observed in S. 
lactis. S* equl. S. pyogenes or S. agalaotiae* It appears 
from these investigations that a cytochrome system, if it 
exists in any of the streptococci, is indeed rare*
Yellow Enzymes
Glucose oxidation by jS. pyogenes. Fujita and Kodama 
(1935) concluded, was catalyzed by Warburg and Christians 
yellow ferment, because It lacked cytochrome and was cya­
nide insensitive*
Pyruvate oxidation by resting cells and cell free 
extracts of S. faeoalls was observed by Dolin and Gunsalus 
(1951)* Resting cells oxidized pyruvate to acetate and 
CC>2 » hut cell free extracts in the absence of glutathione 
formed acetoln and COg from pyruvate* This does not prove 
that glutathione is normally involved in pyruvate oxida­
tion, but it is interesting vhen we consider that Farrell 
(1935) postulated that a substitute hydrogen carrier sim­
ilar to glutathione may function in a manner analagous to 
cytochrome in the respiration of these facultative anaer­
obes.
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Unidentified Systems
Investigations on resting cell suspensions of S* 
faecalis by Gunsalus and TTmbrelt (1945) have shown lac­
tate and peroxide to accumulate from glycerol oxidation* 
They did not find a peroxide decomposing system in their 
investigations but found an oxidizing system which dif­
fered from that used in glycolysis* As they could not 
obtain a conversion of glycerol to lactic acid anaerob­
ically when pyruvate was supplied, they concluded that 
the enzyme system with which they were dealing was not 
Goenzyme I linked and that the oxidizing system was 
directly tied to oxygen* The activity of this system 
was markedly decreased if the cells were cultivated in 
a glucose concentration greater than 0*3 per cent, but 
was not inhibited by the usual concentrations of cyanide* 
Coenzyme I is, however, Involved in glucose oxidation by 
fseoalls; this is shown by the investigations of 
O'Kane (1950)*
NON-CARBOHYDRATE SUBSTRATES THAT ARE OXIDIZED 
BY ORGANISMS OF THE GENUS STREPTOCOCCUS
The report of Farrell (1935) shows a characteristic 
of many of the streptococci* He used the reduction of 
indigotetrasulphonate in Thunberg experiments for the 
detection of dehydrogenases in 22 streptococci* There 
was a rather general activation of carbohydrates, con­
trasted by an inability of these organisms to dehydrogen- 
ate 71 non-carbohydrate substances*
The non-carbohydrate compounds that seem to be oxi­
dized most readily by the streptococci are glycerol, lac­
tate, pyruvate, butyrate, and some of the alcohols* 
Streptococcus faecalis, however, appears more versatile 
than the other streptococci and has been shown to uti­
lize some of the tricarboxylic acid cycle Intermediates 
as substrates*
Glycerol Oxidation
Gunsalus and Sherman (1943) found oxygen to be re­
quired for conversion of glycerol to lactate by the ma­
jority of lactic acid bacteria which they studied; of the 
streptococci tested, only part of the enterococci pro­
duced acid from glycerol anaerobically* A subsequent 
study by Gunsalus and Umbreit (1945) showed glycerol ox­
idation by S* faecalls to be sensitive to oyanide only at 
high concentrations and to be blocked by inhibitors of 
glycolysis* They concluded that this oxidation was not 
Coenzyme I linked*
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Hemolytic streptococci were found by Barron and 
Jacobs (1938) to be variable In glycerol oxidation; 2 of 
3 groups studied oxidized glycerol*
Utilization of Organlo Acids
Seven strains of hemolytic streptococci were divided 
into 3 groups by Barron and Jacobs (1938). One group?oxi­
dized glucose, lactate, pyruvate,and glycerol; a second 
group oxidized glucose, lactate and glycerol; and a third 
group oxidized only glucose and lactic acid* One strain 
through continued cultivation gradually lost the power to 
oxidize lactic acid. Lactic acid oxidation went to pyru­
vic acid and then to acetic acid*
Ddlin and Gunsalus (1951) reported that cell free 
extracts of j3. faecalis differ from cell suspensions and 
vacuum dried cells in that glutathione was required in 
order to have pyruvate oxidized to acetate and carbon di- 
ozide* In the absence of glutathione, acetoln and oarbon 
dioxide formation from pyruvate was catalyzed by the cell 
free extracts*
According to O’Kane and Gunsalus (1948) an unidenti­
fied factor from yeast extract is required for pyruvate 
oxidation by S. faecalis; this factor is called the pyru­
vate oxidation factor. O’Kane (1950) found pyruvate or 
acetylmethylcarbinol to accumulate from glucose oxidation 
in the absence of this factor. In Its presence, acetate
15
and carbon dioxide were the main products*
An investigation of the acetate and citrate meta­
bolism of S. lactis and S* cremoris was made by Kizer 
and Speck (1955)* They have been the first investiga­
tors, as far as the author knows, to show a stimulation 
of S. lactis growth by citrate* Streptococcus cremoris 
growth was stimulated by acetate but not by citrate, 
while S* lactis growth was stimulated by both, citrate 
giving the greatest stimulation*
Campbell and Gunsalus (1944) examined some of the 
lactic acid bacteria for the capacity to utilize citric 
acid as an energy source in the absence of fermentable 
carbohydrate* They found citrate to support growth and 
to be fermented with the production of gas by S* faeca­
lis, S* liquifacelna, and S* zymogenes* The 1 strain of 
its lactla used in these investigations showed no growth* 
With the enterococci, under alkaline conditions, 2 moles 
of acetic acid, 1 mole of carbon dioxide and 1 mole of 
formic acid appeared to form from each mole of citric 
acid* At more acid conditions acetylmethylcarbinol was 
the main product*
Using organic acids as substrates for S* faecalis* 
Campbell, Bellamy, and Gunsalus (1945) cultivated the org­
anism on citric, malic, oxalacetic and pyruvic acids*
They then studied the adaptive enzyme systems of these
16
cells* More recently, Dolln and Gunsalus (1949) found 
an active alpha-ketoglutarate oxidase In S* faecalis that 
appeared to be constitutive* Succinic acid was an end- 
product of the oxidation*
The ability of streptococci to produce CO2 and ammonia 
was determined by Ayers, Rupp, and Mudge (1921)* They ob­
tained results that indicated in some cases organic acid 
salts may have been the source of carbon dioxide produced* 
Oxidation of Alcohols
Gunsalus and Wood (1942) examined the alcohol oxidi­
zing capacity of Group B streptococci as determined by 
methylene blue reduction in Thunberg tubes* They found 
several of the alcohols, including the normal alcohols 
02 to 05, secondary alcohols from 03 to 05, tertiary amyl 
alcohol, and 2,5-butylene glycol to be active as hydrogen 
donors* Methyl alcohol was not activated*
The following year Greisen and Gunsalus (1943) found 
hydrogen peroxide to form when alcohol was oxidized by S. 
zymogenes but did not accumulate when alcohol was oxidized 
by &• fl&fll nr.frl aa. They then investigated the peroxide 
decomposing mechanism of S* agalactiae* The following 
year Greisen and Gunsalus (1944) continued their studies 
to determine the end products of ethyl alcohol oxidation* 
They reported the S.* agalactiae oxidized alcohol to ace­
tic acid in the presence of air*
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More recently, Bamer and O'Kane (1952) have shown 
ethanol to be oxidised by S, faecalis to acetaldehyde and 
then to acetic acid. This reaction is carried out in the 
absence of the pyruvate oxidation factor.
Butyric Acid Oxidation
Reports on butyric acid oxidations by streptococci 
have been made by Niven et. al,. (1945), and Wolin and 
coworkers (1952), In the early work Group F and G strep­
tococci and many strains.of S, mltls were found to oxi­
dize butyric acid. The subsequent investigation by Wolin, 
Evans and Niven (1952) determined the end products of the 
oxidation by S. mltls. Two moles of acetic acid and 2 
moles of hydrogen peroxide accumulated per mole of butyric 
acid oxidized,
Diacetyl Utilization
The most recent investigation on oxidations by 
streptococci was carried out by Dolln (1955), He found 
vacuum-dried cells of S. faecalis to catalyze the oxida­
tion of 1 molecule of diacetyl to 2 moles of acetate with 
ferrlcyanide as the electron acceptor. This oxidation 
was alpha-lipoie acid dependent.
MATERIALS AND METHODS
Cultures
The streptococci used in this investigation consisted 
of Streptococcus lactis strains 7,8,9, and 10 which were 
received from Dr. F.E. Nelson of the Dairy Technology De­
partment at Xowa State College and S. lactis 32 which was 
obtained from the Charles Hansen's Laboratory Incorporated 
Milwaukee, Wisconsin*
Transfers of the cultures that were received from 
Iowa State College were lyophillzed in milk and stored 
at room temperature; other transfers were carried in a 
medium used by Baribo and Poster (1952)* During the pre­
liminary studies S* lactis 9, which was selected for use 
in this Investigation, was found to have gradually lost 
some of its respiratory and dissimilatory characteristics 
through continued cultivation in the broth medium* There­
fore, most of the investigations were carried out using 
S. lactis 9 which had been subjected to lyophilization 
for approximately 1 year*
The best results were obtained with this organism 
when milk cultures were transferred every 12 hours with 
an inoculum rate of 0*6 per cent; when incubated at 30°C* 
these cultures would coagulate in about 8 hours* To ob­
tain an inoculum for flasks of broth from these milk cul­
tures, 1 ml of recently coagulated milk was inoculated
18
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into the bottom of a tube containing 20 ml of broth; this 
tuba was than incubated at 30°C for 3 hours, at that time 
a halo of growth about i of an inch deep had formed on 
top of the milk* A 0.2 per cent inoculum of this growth 
into the broth medium containing not more than 0*3 per 
cent glucose and having an Initial pH of 7*5 followed by 
incubation for 8 to 10 hours at 30°C gave cells which 
were satisfactory for these studies*
Escherichia coll 430 and the Aerobacter aerogenes 
strain which were used cam® from the Stock Culture Col­
lection of the Department of Bacteriology at the Ohio 
State University* These cultures were streaked onto nu­
trient agar slants, incubated at 37°C for 24 hours after 
which they were stored at 40°P* Transfers were made 
every 2 weeks*
Media
The medium used for cultivation of the S* lactia 
cultures was the one used by Baribo and Poster (1952)*
It consisted of:
Glucose ••*••••*•••«••«••••••••*5*0 grams
Lactose .*«.••••..•.•••••••••*•*1*0 grams
Peptonized Milk *2*5 grama
Neopeptone  **2*5 grams
KH2P0^  .....  .-.**5*0 grams
Tween 80 **•••••••••••••••.••*••0*5 grams
Liver Extract *.......    *100 ml
Carrot Extract *  .100 ml
Distilled Water  ........... ..*800 ml
The pH was adjusted to 6.8 and 0.5 grams of glucose war® 
used unless otherwise Indicated* The liver and carrot
20
extracts were replaced by 5.0 grams of Difco’s yeast ex­
tract after it was found that this substitution resulted 
in a medium that supported vigorous growth. When liver 
and carrot extracts were used, it was necessary to filter 
the medium through a Buchner funnel containing several 
filter papers covered with about \ inch of super cell 
that had been suspended in water, poured onto the filter 
paper in the funnel and partially dried by applying suc­
tion to the suction flask. Care had to be taken to pre­
vent cracking of the super cell by drawing too much 
water from it. When yeast extract was substituted for 
the carrot and liver extract, the medium was filtered 
through several layers of gauze.
Pasteurized skimmllk from the University Dairy was 
dispensed into tubes in 20 ml portions, autoclaved at 15 
pounds pressure for 15 minutes, and used for carrying the 
stock cultures of S. lactls.
Cultivation of E. ooli was carried out in a base 
medium of nutrient broth supplemented with 5.0 grams of 
yeast extract per liter. Any additions to this medium 
are listed in the results.
Warburg Studies
Oxygen uptake was determined by the Warburg mano- 
metric technique according to the procedure described by 
TTmbreit, Burris, and Stauffer (1949). The microliters of 
oxygen consumed were calculated by the interval method in
21
order to show more clearly the changing rates of uptake# 
Cells were grown in the modified, medium of Bariho 
et al, (1952), harvested by centrifugation, washed once 
with 0*067 M phosphate buffer pH 7*0, and resuapended in 
buffer* The turbidity of the cell suspensions was de­
termined by comparison with BaSO^ nephelometer tubes or 
by the percentage of light transmission in an Evelyn 
photoelectric colorimeter using a 440 filter* Those val­
ues were converted and reported as milligrams of dry 
weight*
The volume of cells, buffer, water, substrate etc* 
that was used is reported at the bottom of each figure 
or table. Two tenths of a milliliter of 10 per cent KOH 
was added to the oenter well in all cases and the final 
volume was brought to 3*2 ml*
In the case of acid substrates that were not avail­
able in the salt form, the amount of 0*10 N NaOH that was 
calculated to neutralize the acid was added In bringing 
the acid solutions to volume*
Spectrophotometry and Spectroscopy
Supernatant buffer from cell suspensions of S_* lactis 
which had been removed from the Warburg apparatus before 
and after they had started active respiration were exam­
ined speotrophotometrically and spectroscopically* This 
was done in an attempt to characterize the nature of the 
material that was synthesized before activity began* The
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supernatant was tested for light absorption in a Beokman
spectrophotometer (Model B); 3*0 ml of sample was placed
in the spectrophotometer in a Corex cuvette that had a
light path depth of 1 cm and a volume capacity of 3*0 ml*
The cuvettes were observed with a hand spectroscope
(Leltz) for cytochrome bands as they were taken from the
spectrophotometer. These observations were carried out
before and after reduction with sodium hydrosulfite*
The Production of S. lactls Activating Material by E* coli 
Suspensions-------- ----------------------------------- ----
The production of the S. lactis respiratory activa­
ting material by E. coll required heavy cell suspensions* 
To produce these cells 25 liter quantities of base medium 
plus 0*5 per cent acetate, 0*5 per cent KgHPO^ and 0*1 per 
cent KH2PO4 were used for cultivation* The air used for 
aeration of the cultures was sterilized by passing it 
through a glass tube packed with sterile cotton, followed 
by a washing with sterile distilled water, after which it 
was passed into the medium through a sintered glass spar­
ger* Subsequent to sterilization, a Dow Chemical silicon 
anti foam was sprayed on the surface of the medium to pre­
vent foaming* The inoculum was taken from an 8 hour 
nutrient broth culture of B* coli that was Inoculated from 
a nutrient agar slant; the inoculum rate for the 25 liter 
quantity was approximately 10 per cent* The cells were 
harvested in a Sharpies centrifuge at 25,000 R*P*M, after
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overnight incubation at 25°C, washed once with distilled 
water and incubated at 30°C for 4 hours* After the 4 
hour reauspension the cells were removed from the super­
natant liquid by centrifugation for 15 minutes at 1530 x g* 
This supernatant material is the activating material (ac­
tivator) referred to in the investigations involving S. 
lactia and E* coli* The activating material was freshly 
prepared in most cases*
Dealcoation of Streptococcus laotis Suspensions
Cells which had been harvested by centrifugation from 
Baribo and Fosters* modified medium and washed once with 
0*067 M phosphate buffer pH 7 were made into a thin cell 
paste by mixing the ceils with small quantities of buffer* 
This cell paste was spread out on a watch glass, cooled 
for about 10 minutes in the freezing compartment of a re­
frigerator and was placed in a desioo&tor jar containing 
CaCl2 * The air was then evacui* ed from the desiccator by 
a vacuum pump*
After 12 hours of desiccation, the cells were resus- 
pended in buffer to the desired density and were used in 
manometrlc investigations*
Concentration of Supernatant from Escherichia coli Suspen­
sions
Two methods were used to concentrate the supernatant 
media from E. coll suspensions* The first method was car­
ried out in an apparatus made up of a 500 ml round bottom
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distilling flask which had a side arm:connected to a 500 
ml condensing flask* The distilling flask was placed in 
a water hath that was held between 40 and 50®0* The con­
densing flask was placed in a salt-loe water bath; the 
side arm of the condensing flask was connected to a water 
aspirator that was used to reduce the pressure in the sys­
tem* The temperature of the supernatant remained between 
25 and 30°C during concentration*
The second system was the same In principle as the 
first* The distilling flask was 3 liters and it was con­
nected to a large Iron condensing trap* The water bath 
was heated to 40°C by a coil attached to a rheostat* A 
magnetic stirrer was placed under the water bath and was 
used to stir the supernatant medium* The condensing trap 
was cooled to -72°C by a dry-ice ethyl alcohol bath, and 
by attaching the system to a vacuum pump the temperature 
of the supernatant could be held below 10°C*
EXPERIMENTAL RESULTS
Callow (1924), In her study of oxygen uptake by 
aerobes and anaerobes, described S. laotis as being sim­
ilar to the anaerobes beoause it had a very slow, grad­
ually decreasing, oxygen consumption rate* She went on 
to postulate the reasons for the small oxygen uptake by 
S. lactls and the anaerobes, "either there is a lack of 
available oxldizable material, or some product of oxida­
tion rapidly Inhibits the reaction, as for example the 
accumulation of HgOg in the non-catalase bacteria*”
The investigations during the first part of this 
study confirmed Callow’s findings regarding oxygen con­
sumption by S. lactis* A search was then undertaken for 
factors such as suitable enzymes that would influence the 
Initiation of respiration in S* lactia suspensions* 
ACTIVATION OF CELL SUSPENSIONS
Preliminary studies showed no significant oxygen up­
take by phosphate buffer suspensions of S* laotis In the 
presence of various tricarboxylic acid cycle intermediates* 
Numerous attempts were made to activate the cells without 
success* However, It was subsequently found that the cell 
suspensions would become active If the time period of the 
experiment were extended over 3 hours*
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Some of the characteristics of these changing oxygen 
uptake rates can be seen in Figure 1. Very young cultures, 
which probably have a high endogenous glucose concentra­
tion, have been found to give curves similar to that of the 
glucose curve in Figure 1 (an initial decreasing rate of 
uptake followed by an increasing rate); older cells, which 
have probably consumed their endogenous glucose, give 
curves similar to the endogenous curve (a very low, con­
stant uptake rate followed by an increasing rate).
The longer period of time required for respiratory 
activation by cells in the presence of glucose is of major 
importance in this investigation. Also worthy of note is 
the activity on succinate. This was repeated numerous 
times during the early phases of the investigation, but 
the organism seemed to gradually lose its ability to ac­
tivate its respiratory mechanism, and simultaneously lost 
its ability to utilize succinate.
Incubation of Cell Suspensions
Before respiration took place, it appeared that cell 
suspensions of S. lactis were synthesizing a compound(s), 
ensytne(s), or some system involved in hydrogen transport; 
it was felt that the enzymatic activity of £>• lactis could 
be studied by allowing cell suspensions to activate them­
selves by overnight incubation at 37°C.
The activity of auto-activated cell suspensions on 
several substrates Is seen in Table 1; the table shows
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Figure 1 The prolongation of respiratory in­
activity by glucose. Six tenths milliliters 
of M/50 substrates were used. Thirty six milli­
grams (dry weight) of cells was added per flask. 
l=succinate; 2=endogenous control; and 3=glu- 
cose added.
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significant activity on all substrates except glucose»l« 
phosphate* The endogenous activity was high and more in­
formative results may have been obtained if the suspension 
had been aerated during incubation*
In evaluating these results it must be kept In mind 
that this was an overnight cell suspension and the activity 
of the cells may have been altered considerably by this 
treatment•
It is unfortunate that only this one experiment was 
oarried out to determine the activity of S* lactis 9 on
Table 1
Enzymatic Activity of Cell Suspensions 
Activated by Incubation
Time In 
Minut e s
Microliters of Oxygen Uptake*
Glucose
Glucose
-1- Pyruvate Lactate 
Phosphate
Citrate Succinate
60 22 2 -2 -1 -5 3
240 363 19 235 235 244 396
300 498 37 260 260 325 465
milliliter of M/50 solutions of substrate ware used per 
flask* Thirty milligrams (dry weight) of cells were added 
per flask* The endogenous oxygen uptake after 300 minutes 
was 435 microliters*
intermediates of the tricarboxylic acid cycle before the 
organism mutated* Investigation of the activity on these 
a d d s  was not pursued further at this time as it was felt
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that it could be done more effectively after the con­
ditions controlling the activation of respiration in 
these organisms were known*
Addition of Enzymes and Coenzymes
This phase of investigation involves an attempt to 
activate the cell suspensions by adding enzymes and coenr* 
zyraes* If one of these substances were found to activate 
the cells, an indication of the material that was being 
synthesized before respiration takes place would be ob­
tained*
Cytochrome c
Although it is widely accepted that streptococci do 
not have cytochrome systems, they may be genetically en­
dowed with the capacity to produce a cytochrome system 
under the proper conditions* These conditions could very 
well be those of the resting cell suspensions used In this 
investigation*
When 0*3 mg of cytochrome c was added to the system, 
it had no influence on the initiation of activity. In this 
case as well as in others where different materials were 
added to the cell suspensions the ineffectiveness may be 
due to impermeability of the cells or the incapability of 
the cells to convert the added compound to an active form* 
MIcrospeetroscopic examination of active cell suspen­
sions and supernatant buffer from active suspensions showed 
no light absorption at any wave lengths which might corre­
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spond with any known cytochromes* However, these studies 
cannot definitely eliminate the cytochromes from an active 
role in hydrogen transfer by S* lactla for Smith (1954) 
has recently devised a sensitive spectroscopic technique 
in which she has been able to detect cytochromes in organ­
isms in which cytochromes had previously been undemonstra- 
ble*
Coenzyme I
Spectroscopic analysis of supernatant buffer from 
actively respiring S. lactis suspensions showed an absorp­
tion peak, after reduction with sodium hydrosulphite, 
which corresponds to absorption peaks of Coenzymes I and 
II*
Coenzyme I is involved In pyruvate reduction during
glycolysis, therefore, it does not seem logical that Its
synthesis would be required for active oxygen consumption* 
Furthermore, Myrbaok and von Euler (1924) found S* lactis 
to contain high concentrations of Coenzyme I*
As would be expected, the addition of 25, 10, 5 or
1*2 gamma of Coenzyme I had no activating effect on oxygen 
uptake*
Catalase
Most of the investigators who have studied the res­
piration of streptococci have been able to demonstrate 
hydrogen peroxide production as a result of aerobic oxida­
tion* Bertho and Gluck (1932) found the HgOg accumulating
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in the early stages of glucose oxidation by lactic bac­
teria to be roughly proportional to the oxygen taken up»
Both catalase and peroxidase production have been 
demonstrated by S* lactis (Prel 1935)♦ The inactive per­
iod could be a period required for an accumulation of 
quantities of catalase or peroxidase large enough to de­
compose the peroxide that forms* A longer period of in­
activity, demonstrated when glucose is added to cell sus- 
penslonp, may be due to the toxic effect of the peroxide 
produced during glycolysis*
Quantities up to 2 mg of catalase per Warburg flask 
failed to activate cell suspensions of S* lactis*
B Vitamins
Sevag and coworker (1942) found, while studying the 
respiration of S* pyogenes* that when glucose was used as 
a substrate, there was very little respiration until a 
source of respiratory factors, such as yeast extract, was 
added. They found these factors to increase both aerobic 
and anaerobic respiration markedly; whole or defibrinated 
blood also gave similar results* The factors in these in­
vestigations were thermostable and would pass through 
Seitz filters*
Lipmann (1939) using aqueous suspensions of acetone 
dried Lactobacillus delbruckii, with pyruvate as a sub­
strate, found little if any oxygen uptake, however, the
32
addition of diphosphothiamin or adenine-flavin-dinucleotide 
stimulated uptake* The addition of to th substances to­
gether greatly increased the oxygen uptake*
Reports such as the above emphasize the importance of 
some vitamins as cc-factors in hydrogen transfer*
When 0*1 mg of yeast extract, a source of B vitamins, 
was added to cell suspensions together with 0*2 ml of a 
1 :10,000 dilution of methylene blue and 0* 1 mg of MgSd^, 
no stimulation of respiration or deorease in the period 
of inactivity was noted*
Addition of 1*7 ml of a saturated solution of yeast 
extract brought about an immediate oxygen uptake* The 
rate of uptake continually decreased and after 2 hours 
the flask with the yeast extract had only taken up 320 
microliters of oxygen compared to 580 microliters by a 
flask that contained supernatant buffer from an active 
cell suspension plus succinate* The flask with the super­
natant buffer had a continuously increasing rate of activ*-* 
ity* This indicated the presence in the yeast extract of 
some oxidlzable material, probably a carbohydrate* In 
subsequent investigations S* lactis was found to grow in 
a medium composed of casein hydrolysate, inorganic salts 
and yeast extract, thus proving the presence in the 
yeast extract of an utillzable energy source.
Riboflavin Phosphate
The flavoproteins are considered to be of special
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Importance in hydrogen transfer in the streptococci* The 
coenzymes of this group are derivatives of riboflavin 
phosphate, therefore, an experiment was run to determine 
the effect of riboflavin phosphate on S* laotis respira­
tion*
Riboflavin phosphate did not stimulate respiration 
or shorten the period of inactivity but seemed to have a 
toxic effect (Table 2); the reason for this Inhibition 
is not known*
Addition of Miscellaneous Factors 
Glutathione
Glutathione is readily autoxldlzable In neutral or
Table 2
The Effect of Riboflavin Phosphate on the 
Activation of Respiration in S* laotis Suspensions
Microliters of Oxygen Uptake*
Time in Active Riboflavin
Minutes Buffer Buffer Phosphate
270 13 49 13
360 53 165 14
* No substrates added* Two and one half milligrams of 
riboflavin phosphate was used* Thirty milligrams (dry 
weight) of cells were added par flask* The active buffer 
was supernatant phosphate buffer from an actively respir­
ing S. lactis su spensi on*
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alkaline solution, and Is an intracellular product of all 
actively growing animal and plant tissues and probably of 
many bacteria. It is generally believed that glutathione 
acts as a hydrogen receptor and takes an active part In 
cell oxidations and reductions.
Farrell (1935) suggests that a substitute hydrogen 
carrier similar to glutathione may function In a manner 
analogous to cytochrome in the respiration of organisms 
such as the streptococci.
Quantities of oxidized and reduced glutathione up 
to 4 mg failed to activate respiration In the cell suspen­
sions*
Nitrogen Bases
Nitrogen bases are Important constituents of nucleic 
acids that are known to be involved in enzymatic adapta­
tion* The period of synthesis of the activating material 
is similar in many respects to that found in adaptation. 
One milligram of each of the nitrogen bases required by 
S. lactis for growth (adenine, guanine, uricil, and xan­
thine) had no effect on the initiation of respiration when 
used singly or in combination*
Amino Acids
A nitrogen source Is required for enzymatic adapta­
tion and it would also be required In the synthesis of 
enzymes or other proteinaceous materials that may be In­
volved in activation*
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Ten milligrams of hydrolyzed casein had no effect; 
on respiration when us ed alone or in combination with 
O.l mg of yeast extract, 1,0 mg of each of the four nitro­
gen bases previously mentioned and 0.1 rag each of MgS04, 
MnCl2 and FeSO^*
Potential Energy Sources
The limiting factor In activation of S. lactis may 
be a utllizable energy source* Experiments involving the 
use of adenosine triphosphate and glucose-l-phosphate In­
dicated that washed cell suspensions were Impermeable to 
both of these compounds* There were, however, differences 
in their effect on desiccated cells; these effects will be 
discussed in another section*
Methylene Blue
The addition of methylene blue is known to increase 
respiration in cell suspensions of organisms such as the 
lactobacilli (Smith 1953). With £>• lactis 9 methylene 
b?ue seemed to inhibit the respiration slightly when 0*2 
ml of a 1 :10,000 dilution was added.
Inorganic Salts
Ions of certain metals have been shown to accelerate 
the activity of certain enzymatic reactions; some of these 
reactions involve the tricarboxylic acid cycle. For ex­
ample Lohmann and Schuster (1937) showed Mg, Mn and phos­
phate ions to accelerate carbon dioxide evolution from
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pyruvate by washed yeast suspensions* Mg and Mn ions 
have been shown to be involved in the formation of cit­
ric acid, and it is usually assumed that magnesium is 
required for phosphorolation reactions*
If aerobic respiration, obtained on Kreb-oycle inter­
mediate substrates, indicates a Kreb-cycle then it becomes 
desirable to know the effect of certain ions upon this 
respiration*
One tenth of a milligram of MgSO^, MnCl2 and FeS04 
had no effect on aerobic respiration* The effect of 
MgSO^ when used in the presence of methylene blue and 
yeast extract was insignificant*
2,4-Dinltropheno1
The uncoupling agent 2,4-dinltrophenol has been used 
as a respiratory stimulant mainly by botanists* The 
mechanism of the stimulation involves an increase in the 
supply of high energy phosphate acceptors (French and 
Beevers 1953)* As adenosine triphosphate seemed to have 
more effect on suspensions of lyophilyzed cells of S* 
lactis. It seemed possible that available energy may be 
Involved In the activation of these suspensions* There­
fore, efforts were made to activate S* lactis suspensions 
with 2,4-dInitrophenol (see Table 3)* The highest con­
centration of 2,4-dinltrophenol did not lengthen the time 
before activation but lowered the rate of oxygen uptake
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after activation. No noticeable effect was apparent in 
this experiment other than the Inhibition caused by the 
highest concentration of 2,4-dinitrophanol.
Ascorbic Acid
Ascorbic acid oxidase has been given little consid­
eration by bacteriologists, however, Szent-Gyorgyi postu­
lated that ascorbic acid plays the same role In plants as 
does cytochrome in animal tissues (Porter 1948). The oxi­
dation of ascorbic acid is catalyzed by ascorbic acid oxi­
dase; the reverse reaction, the reduction of dehydro- to
Table 3
The Effect of 2,4-DInltrophenol 
on the Activation of Respiration
Microliters of Oxygen Uptake*
Milligrams of 2,4-dinitrophenol
Time in
Minutes
o.o 0.9 1.9 3.8
60 66 62 77 78
180 119 110 128 123
240 179 176 193 170
310 285 276 307 229
445 430 429 439 319
* No substrates added. One hundred and five milligrams 
(dry weight) of cells ware added per flask.
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reduced ascorbic acid is catalyzed by ascorbic reductase# 
Indication that ascorbic acid is Involved In the 
metabolism of microorganisms is found in the investigations 
of Kendall and Chinn (1938), Young and Retteger (1943), 
and others who have reported certain strains of intestinal 
bacteria which are capable of fermenting ascorbic acid* 
Also, Ssseln (1939) has fbund certain bacteria were not 
able to oxidize ascorbic acid If they were grown in a 
medium containing a readily fermentable carbohydrate#
The results of an experiment to determine whether 
ascorbic acid is involved In the autoactlvation of res- 
piration in S. lactis gave very interesting results* If 
ascorbic acid is Involved In the respiration of this org­
anism, the period of Inactivity may be due to the synthe­
sis by the organism of "sparking” amounts of ascorbic 
acid* In this experiment several concentrations of ascor­
bic acid were used; if It were reverslbly oxidized and re­
duced, the endogenous concentration of the substrate that 
supplied the hydrogen for the reduction of the dihydro- 
ascorbic acid would be the limiting factor In the amount 
of oxygen consumed* If the ascorbic acid were oxidized 
but did not undergo a reversible oxidation-reduction, the 
quantity of ascorbic acid would be the limiting factor In 
determining the amount of oxygen uptake*
Figure 2 shows the amount of oxygen uptake to be de­
pendent on the concentration of ascorbic acid* The import-
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Figure 2 Ascorbic acid oxidation by a cell suspen­
sion of S. lactis. Sidearms tipped after 1 hour. 
One hundred and five milligrams (dry weight) of 
cells added per flask. 1 = 3*5 rog ascorbic acid;
2 = l.g mg ascorbic acid; 3 = 0*9 mg ascorbic acid 
added; 4- = control with no ascorbic acid.
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ant thing to not© her© is the similarity of these curves 
to those obtained with cell suspensions in the presence 
of glucose* Only in the lowest concentration of ascorbic 
acid did the cell suspensions become self activated, and 
In this case the period of time required was greater than 
that of the control without ascorbic acid added*
Sodium Fluoride
All previous investigations pointed to two mechanisms 
of respiration by S. lactis suspensions, the first being 
used during the oxidation of glucose and possibly ascorbic 
acid, and the second mechanism being utilised during the 
oxidation of substrates such as succinic acid* During 
glycolysis the second respiratory mechanism could not be 
activated by the organism. Therefore, a series of experi­
ments Y/as carried out to determine the effect of a glyco­
lytic Inhibitor on respiration*
As might be expected, NaF did not Inhibit but stim­
ulated the endogenous respiration of the cell suspensions 
(Figure 3)* Evidently the second respiratory mechanism 
cannot function in the presence of glycolysis* Self acti­
vated suspensions gave a greater total oxygen uptake than 
did the fluoride stimulated cells. If the Initial uptake 
of the controls without NaF is due to glycolysis and if 
glycolysis is inhibited by NaF, the total uptake of the 
controls should be the sura of the uptake of the fluoride 
treated suspensions plus the uptake due to glycolysis.
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Figure 3 Stimulation of S. lactis respiration by 
an inhibitor of glycolysis. No substrates were 
added. Sixty milligrams (dry weight) of cells per 
milliliter. Results are shown only for the two ex­
treme concentrations of NaF used. Flasks 1,2 and 3 
contained 2 ml of cells. Flasks 4,5 ®-nd 6 contain­
ed 1 ml of cells. 1 and 4 = controls with no NaF;
2 = 0.2 ml NaF; 3 &nd 5 = ral NaF; and 6 = 0.4 
ml NaF added.
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Examination of the curves indicates that this is what 
happens*
Sodium fluoride concentrations of 8 x  10“^M to 2 x 
10" were sufficient to block glycolysis and stimulate 
respiration; higher and lower concentrations were not used* 
Another experiment showed immediate stimulation of 
respiration upon addition of NaF at various periods during 
the experiment* The longer the experiment had been running 
before the addition was made the higher was the total oxy­
gen uptake*
A noticeable stimulation by NaF takes place only when 
very young cells which have been grown in low glucose con­
centrations are used; these cells should be harvested be­
fore the pH of the medium becomes too low*
Physical Effects and Cultural Variation
This section of study involves an investigation into 
the effect of variations in methods of cultivation and in 
cell suspension treatment on the initiation of respiration 
in resting cells of S* laotis * 
pH of Cell Suspensions
It is well established that glucose grown S* lactis 
cultures convert over 95 per cent of the glucose to lactic 
acid, the remaining glucose being utilized for cell syn­
thesis* Under these conditions It is doubtful if any 
lactic acid would be broken down aerobically to simultane­
ously adapt S. laotis cultures to the tricarboxylic acid
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cycle intermediates (assuming this to be genetically 
possible), or these enzymes may not be synthesized in 
detectable amounts when the organism is grown in the pre­
sence of glucose which it utilizes preferentially* There­
fore, the period of little activity may be a period of 
enzymatic adaptation*
Investigations on the adaptation of azotobacter cells 
to tricarboxylic acid cycle substrates by Williams and 
Wilson (1954) showed the optimal pH for adaptation to b© 
pH 7 with adaptation occurring from pH 6 to 8 * In com­
paring the activity of S* lactis cell suspensions, ad­
justed to pH 6 and 7, it was found that under both condi­
tions the increase in rate of respiration began at approx­
imately the same time, however, after the Increased activ­
ity began, the rates of oxygen uptake were much slower in 
the flasks that were adjusted to pH 6 *
Desiccation of Washed Cells
A classical example of a microorganism.1 s being imper­
meable to a substrate is the inability of Escherichia coll 
to utilize citric acid when grown In a synthetic medium 
with citrate as the sole energy source and ammonium salts 
as the only source of nitrogen* Washed suspensions of E* 
coli are also unable to utilize citrate while cell free 
extracts can*
The inactive period may be due to the synthesis of a 
system or organization of a mechanism that may have to be
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functioning before the substrates can enter the cells#
This would be similar to the requirement of energy by 
some cells for the conversion of glutamic acid to gluta­
mine to which the cells are permeable, or the requirement 
of a carrier to take the substrate across the cell mem­
brane as suggested by Barrett, Larson and Kallio (1953)#
In this case the supposition would be that the inactive 
period would be the time required for the synthesis of 
this carrier*
To determine if the inactive period may be due in 
some way to the impermeability of £>• laotls* an attempt 
was made to alter their permeability by chilling and des­
iccating thin cell preparations*
Two experiments were run in investigating the effect 
of desiccation on the cells# The first was a comparison 
of desiccated and normal cells while the second was a com­
parison of desiccated and normal cells in the presence and 
in the absence of gluoose-l-phosphate and adenosine tri­
phosphate (ATP), two potential high energy sources# The 
Important things to be noted in the first experiment 
(Table 4) are: the shorter period of inactivity for the 
desiccated cells compared to the normal cells, this effect 
was probably not due to difference in cell permeability but 
due to the accumulation in the cells during desiccation of 
the activating compound(s); and a slight Initial activity
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followed, by a longer period of inactivity by normal cells, 
but not by desiccated cells, in the presence of glucose* 
During the time required to prepare the cells for desic­
cation the endogenous glucose was probably exhausted and 
some of the activating sub stance may have been synthesized*
Table 4
The Effect of Desiccation on the Respiration of 
Cell Suspensions of S* laotls
Time In 
Minutes
Microliters of Oxygen Uptake*
Endogenous
Desiccated Cells 
Glucose'*** Succinat e'*'*
30 9 -5 0
150 25 -2 -8
240 171 -24 -13
330 517 -22 67
Normal Cells
30 11 31 «*»3
150 28 28 -3
240 64 19 -6
330 236 -54 8
* Time of increasing activity for desiccated cells was 
150 minutes, 180 minutes for normal cells, and 240 minutes 
for normal cells in the presence of glucose* Six tenths 
of a milliliter of M/50 solutions of substrate were used 
per flask* Thirty-seven milligrams (dry weight) of cells 
were added per flask*
**** Minus endogenous activity*
It appears from these results that the endogenous 
activity was so high that it saturated the hydrogen
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carriers, therefore, no great increase in uptake was ob­
served upon the addition of the substrates. It is possi­
ble, however, that 2 mechanisms may be involved in these 
studies, the first may have to do with the synthesis of 
some substance required for hydrogen transport while the 
second could Involve the adaptation of the organism to 
the substrates. In this case the first mechanism may 
have been activated before the cells adapted themselves 
to succinate.
Table 5 shows the results obtained in the previous ex­
periment to be reproducible with the exception of the 
length of the period of inactivity and the activation of 
the normal and desiccated cells at the same time. Desic­
cated cells were found to have slightly more activity on 
glucose-l-phosphate than normal cells and ATP seemed to 
stimulate an earlier activity with the desiccated cells 
but had no effect on the normal cells. In both cases al­
teration In permeability probably offers the best explana­
tion of the results.
Concentration of Cell Suspensions
Streptococcus lactis requires the synthesis of some 
material before It will begin active respiration on sub­
strates other than carbohydrates. This activating mater­
ial probably has to reach a certain concentration before 
the cells become active. Figure 4 shows this to be the
*7
oase as the addition of increasing quantities of super­
natant buffer from active cells decreases the length of 
time before activity starts*
Table 5
The Effect of ATP and Glucose-l-Phosphate 
on the Respiration of Normal and Desiccated
Cell Suspensions
Microliters of Oxygen Uptake'*
Desiccated Cells
Time in 
Minutes
Endogenous Glucose'’5"* Glucose 
ATP*h*
Glucose
—  "1 mm
Phosphate-SKS-
Sucoin-
ate-SH:-
60 4 7 9 4 7
150 12 32 50 16 20
180 17 35 56 18 29
210 26 35 62 19 45
240 41 35 66 23 89
270 79 30 69 20 162
480 412 615 502 109 557
Normal Cells
60 7 8 14 2 0
150 27 13 24 3 8
180 41 5 18 1 8
210 45 9 21 14 30
240 91 -30 -17 0 29
270 141 -70 -57 -1 40
480 294 265 284 35 446
Time of increasing activity ibr normal and desiccated 
cells was 180 minutes, and 270 minutes for normal cells in 
the presence of glucose. Three and three tenths milli­
grams of glucose-l-phosphate and 7*9 mg of ATP were used* 
Six tenths of a milliliter of M/50 solutions of glucose 
and succinate were used* Thirty-seven milligrams (dry 
weight) of cells were added per flask*
** Minu3 endogenous activity*
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If the activating material must reach a certain con­
centration before respiration starts, it is reasonable to 
conclude that the greater the number of cells synthesiz­
ing the activator, the shorter should be the period of 
time required for activation. This assumption was veri­
fied by the results obtained from an experiment using 
different cell concentrations.
The results are not 3hown as they are very similar to 
those of the controls in Figure 3*
Age of Cells
There has been a considerable amount of investigation 
showing the greater metabolic activity of physiologically 
young cells* Probably the most pertinent Investigation, 
as far as these studies are concerned, was carried out by 
Hegarty (1939). He determined the effect of age on the 
adaptation of S. lactis to carbohydrates and found that 
glucose grown cells which were harvested during the stage 
of physiological youth adapted much more rapidly to di- 
saccharides than did older cells.
As physiologically young cells are more raetabolically 
active, investigations with young cells were carried out* 
In order to get sufficient quantities of young cells for 
manomotric studies, 12 hour old cultures were harvested 
and resuspended In fresh media for various periods of 
time, reharvested, washed and suspended in buffer.
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2 3l
TIME IN HOURS 
F i g u r e  4  The e f f e c t  o f  a c t i v a t o r  c o n c e n t r a t i o n  on  
t h e  p e r i o d  o f  r e s p i r a t o r y  l n a c t i v y .  No s u b s t r a t e s  
a d d e d .  F i f t y  two m i l l i g r a m s  ( d r y  W e i g h t )  o f  c e l l s  
p e r  f l a s k .
1 = 1 . 6  ml a c t i v a t o r ;  2 = 0.S5 ml a c t i v a t o r ;  3 = 
0 . 4  ml  a c t i v a t o r ;  a n d  4  = 0 . 2  ml a c t i v a t o r  a d d e d .
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The Immediate oxygen consumption that was noted 
(Table 6), at first gives one the impression that the 
inactive respiratory period has been completely elimina­
ted* It should be pointed out, however, that the rates 
of uptake are constantly decreasing; this Is in contrast 
to the increasing rates of uptake from cells which acti­
vate themselves or cells which are activated by super­
natant buffer from active cells*
The cells appear to be storing glucose during resus- 
pension; the longer they are resuspended the more glucose 
they store* They seem to be approaching their maximum 
capacity after about ninety minutes of resuspension*
To compare the changes in oxygen uptake rates which 
were obtained by resuspended cells with rate changes ob-
Table 6
Respiration of Cells Which Have Been Harvested and
Resuspended in Fresh Medium
Microliters of Oxygen Uptake'a-
Time in 
Minutes 0
Minutes
30
of Resuspension 
60 90
120 60 139 256 275
240 100 182 375 375
360 108 219 409 429
480 113 234 428 455
* No substrates added* Fifty milligrams (dry weight) of 
cells were added per flask*
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talned by adding different quantities of glucose to cell 
suspensions see Tables 6 and 7#
The similarity in the results obtained in both exper­
iments strongly indicates that the cells upon resuspension 
are storing glucose and have not acquired the ability of 
aerobic acid utilisation#
Harvested cells were resuspended in fresh glucose 
broth for 2 hours, harvested, washed and resuspended in 
phosphate buffer in order to substantiate this supposi­
tion# Their activity was checked manometrically using 
lactate, citrate and succinate as substrates# No increase 
in oxygen consumption was found due to the addition of any 
of these substrates#
Table 7
Glucose Oxidation by Resting Cells of S# laotls
Microlit ers of Oxygen Uptake
Time In 
Minutes Q#00
Milligrams
0*18
of ( 
0.36
jlucos®
0.72 1.44
120 98 145 152 175 228
240 144 194 203 220 273
360 171 223 236 251 309
* Fifty milligrams (dry weight) of cells were added per 
flask#
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Daring investigations on the activation of S. lactia 
suspensions by E. ooli extracts, it was found that S* lac* 
tis strain 9 cells, when grown under certain cultural con­
ditions, were again able to activate themselves* This is 
one part of an investigation to determine the best cul­
tural conditions for producing active cells; it consists 
of testing the activity of cultures of various ages.
Milk cultures were transferred rapidly until a 1*0 
per cent inoculum would coagulate the milk in about 6 
hours. One milliliter of a 10 hour milk culture was ino­
culated into each of three tube3 of broth medium and in­
cubated for 5 hours at 30°C. The milk settled to the bot­
tom and after 3 hours a band of growth about ^ of an inch 
thick could be observed above the milk* One milliliter 
of this growth was used to inoculate 600 ml of a medium 
containing 0.3 per cent glucose and having an initial pH 
of 7.5. Two tubes were chilled and placed in the refrig­
erator; the other tube was used for inoculation. Two' and 
4 hours after the first inoculation a tube was taken from 
the refrigerator and used for the inoculation of a flask 
of medium* The cells were harvested 11 hours after the 
first inoculation, thus the cultures were 7,9, and 11 
hours old. The harvested cells were washed once with 
buffer, resuspended in buffer and adjusted to the same 
turbidity in an Evelyn colorimeter.
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Figure 5 effect of cell .age on S. lactls
respiration. No substrates added. One hund­
red and fifteen milligrams (dry weight) of 
cells added per flask. Cells harvested from 
7, 9 and 11 hour old cultures.
1 = 7  hour old cells; 2 = 9  hour old cells; 
and 3 = 11 hour old cells.
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In Figure 5 we find that 9 hours appears to be the 
optimal time for cultivation* However, as the 7 hour cul» 
ture has a higher endogenous activity which is probably 
due to glucose and as it has been shown that glycolysis 
Inhibits the activation of these cells, It appears that 
there are two controlling factors determining the time 
period before activation* First is the age of the cells, 
the 7 and 9 hour old cells being more active than the 11 
hour old cells, and secondly the amount of endogenous 
glucose; the 7 hour old cells, although they were younger, 
required longer before they became active than did the 9 
hour cells because they contained more endogenous glucose* 
Initial end Final pH of Culture Medium
Streptococcus lactls strain 9 was thought to have 
lost its capacity, through lyophilization and continued 
cultivation, to activate one of its respiratory mech­
anisms. The first experiment showing this ability had 
not been completely lost Involved the propagation of the 
organisms in a medium containing 0*3 per cent glucose 
with a pH of 7*5; this differed from the medium that had 
been used previously that had a glucose concentration of 
0*5 per cent, an initial pH of 6*8, and a final pH after 
growth of approximately 3*9* Reducing the glucose con­
centration and raising the pH of the medium both tend to 
give a higher final pH after growth*
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Cells were harvested from media that had the concen­
tration of glucose and the initial pH of the medium varied* 
The results in Table 8 indicate that the final pH of the 
medium determines how soon the cells will activate them-
Table 8a
The Effect of Glucose Concentration and Final pH of 
Media on Oxygen Consumption
Microliters of Oxygen Uptake**
Time in 
Minutes
Cells from Culture 
A B C
170
200
290
543 524 
647 557 
867 623
571
601
659
* No substrates added. One hundred and eighty milligrams 
(dry weight) of cells were added per flask*
Table 8b
Variations in Culture Media
Medium A B C
Initial pH 
of Medium 7.5 7.3 7.7
Final pH 
of Medium 4.4 5.0 5.2
Per Cent 
Glucose 0.30 0.15 0.15
selves# This is not in agreement with the respiratory 
stimulation by NaP that suggests that the glucose con­
centration in the cells should be the most important 
factor, and the results are also in contrast to those of 
Wood and Gunsalus (1942) who found a high final pH of 
the culture medium was required in order to have S# lao- 
tis cells with active dehydrogenases#
When one considers that the growth in the flasks con­
taining the lowest concentration of glucose was slightly 
less than that of the flasks with 0*3 per cent glucose, 
and that this was probably due to the depletion of glu­
cose, the possibility presents itself that these cells 
were devoid of glucose and were active from the beginning, 
therefore, did not give the characteristic curves evi­
denced when the activation comes later#
Culture Aeration
An investigation on aerated cultures of S. laotis 
was undertaken to determine if aeration would decrease 
the activation time of the organism#
Ten milliliters of glucose broth was inoculated and 
incubated at 37°C in a culture shaker; transfers were mad© 
every 24 hours for 3 days. Ten milliliters of the third 
culture was used as an inoculum for 500 ml of glucose 
broth. This medium was incubated on the shaking machine 
at 37°C for 18 hours, the cells were harvested, washed and 
suspended in buffer for use in the Warburg apparatus# The
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Table 9
Respiration of Cells from Aerated Cultures
Microliters of Oxygen Uptake*
Time in 
Minutes Endogenous Glucose"'' Lactate’"” Succinate*"*
50 7 11 6 3
180 21 11 13 1
strate were used. Thirty six milligrams (dry weight) of 
cells were added per flask.
-5HC- Minus endogenous activity.
pH of the culture after incubation was 3.9 which 'was the 
same as the pH for non-aerated cultures.
The rate of oxygen uptake for these cells was ex­
tremely slow, however, a higher rate of uptake was noted 
with lactate. The cells certainly were not stimulated to 
an active aerobic respiration and it is doubtful if the 
differences in rates would be of any importance consider­
ing the amounts of oxygen consumed.
Extended Cultivation
When it was first demonstrated that S. lactis sus­
pensions would begin to respire actively,if the time of 
manometric experiments were extended, the time required 
for activation was about 2\ to 4 hours. The time re­
quired for activation of cells from cultures that had been 
carried in glucose broth for a year was 12 to 15 hours. 
These cultures had lost the ability to coagulate milk, 
although rapid growth was noted in this medium. Ho mor­
phological changes such as cell shape or chain length could
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be detected*
Investigations using cultures which had always been 
carried in milk but which had been lyophilized and stored 
at room temperature for a year also showed some loss in 
activating capacity. Cells from these cultures required 
6 hours or more for activation and this time gradually 
became lengthened upon continued cultivation in milk. 
NATURE OF THE AO TIVATING MATERIAL
All previous investigation pointed to the synthesis 
of some compound(s) or system by S_. lactis suspensions 
before they could utilize Kreb-cycle intermediates in the 
Warburg. This phase of study was an undertaking to de­
termine some of the characteristics of the material that 
appeared to be synthesized.
Location (Intra- or Extra-o ellular)
The method of approach to this problem depended on 
the location of the activating material (activator), if 
it were found to be extra-cellular, studies on supernatant 
buffer from cells which had become activated could be 
made. If It were found to be intra-cellular, the approach 
would Involve the preparation and fractionation of cell 
free extracts.
To determine if the activator were intra- or extra­
cellular a cell suspension of S, lactis was prepared in 
phosphate buffer and incubated at 37°C for 6 hours. This 
was considered sufficient time to allow for activation.
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The cells were spun out of the buffer and studies were 
made on the activating capacity of the supernatant buffer 
on fresh cells, on activated cells resuspended in fresh 
buffer, and on activated cells resuspended in the super­
natant buffer.
This and a similar subsequent experiment showed most 
of the activator to be intracellular although enough acti­
vator was found to be extra-cellular that the supernatant 
buffer greatly shortened the period of inactivity of fresh 
cells. The results were similar to those found in Fig­
ure 4.
Supernatant glucose broth from cultures was tested 
in order to find out if the activator were produced dur­
ing cultivation. Supernatant broth from aerated and non­
aerated cultures were tested; in both cases stimulation 
of uptake was noted, but plotting the rates of oxygen up­
take graphically showed curves similar to those obtained 
when glucose is added to the cells. It was concluded 
that the activator was not produced in. detectable quan­
tities during cultivation of the cells.
Light Absorption Studi es
An attempt was made to characterize the nature of the 
activator; a suspension of cells was placed in the Warburg 
for 8|r hours, this was \ hour before activity began. The 
cell suspension was then removed, centrifuged, and 3.0 ml
60
0 .5
0.0
325 350  375 %
WAVELENGTH (mu)
Figure 6 Absorption spectra of supernatant buffer
from actively respiring and inactive cell suspen­
sions. Supernatant buffer from 1 and 3 was re~ 
duced with sodium hydrosulfite.
1 and 2 = supernatant buffer from cell suspensions 
that were actively respiring; and 3 and ^ = sup­
ernatant buffer from cell suspensions that were 
examined before respiration began.
ei
of the supernatant buffer was tested for its light absorp­
tion properties before and after reduction with sodium 
hydrosulfite. The cells were resuspended in the remaining 
supernatant buffer, and the above procedure was repeated 
at 9|r and 1C% hours.
We see in Figure 6 that the 8-| hour sample that was 
taken before respiration began showed very little absorp­
tion before or after reduction. The 9^ hour sample, taken 
% hour after activity started, produced a high absorption 
peak at 340 mjx after reduction by hydrosulfite. Cyto­
chrome bands could not be detected in these samples when 
examined with a hand spectroscope.
As has been pointed out in another section, this ab­
sorption spectrum corresponds to those of Coenzymes I and 
II, although these coenzymes also show an absorption peak 
at 270 mp in the reduced form. The spectrophotometer was 
not equipped for adaptation to lower wave lengths so the 
absorption spectrum at wave lengths below 320 ny could not 
be determined. Results in an earlier experiment showed 
that the addition of Coenzyme I to cell suspensions had 
no effect on respiration.
Activation of S_. lactis Strains 8 and 52
In considering the practical Importance of the acti­
vator an important question presents itself, is this abil­
ity to actively consume oxygen after a period of incubation
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peculiar to strain 9 or can. the activating material It 
produces also activate other strains?
Examination of Table 10 3hows the activating material 
produced by strain 9 to be capable of activating strain 8* 
Besides showing an immediate activity by strain 8 in 
the presence of activator, some activity on lactic acid 
in the absence of the activator can be seen* This is 
especially interesting since a greater activity on lactic 
acid by aerated cells of strain 9 has been demonstrated* 
In another experiment S* lactis strain 32 was acti­
vated by supernatant buffer* This strain also had the 
ability to activate Itself*
Table 10
The Activation of S.. laotia Strain 8 by Supernatant 
Buffer from Active Strain 9 Cells
Microliters of Oxygen Uptake''5,
Time in
Minutes Endogenous Glucose*"* fiactat e** Succinate**
60 11 64 22 5
160 15 75 42 11.,
Plus Activator
60 36 42 44
160 180 135 282
-if Six tenths of a milliliter of M/50 solutions of substrate 
were used* Eighty milligrams (dry weight) of cells were 
added per flask*
-:s~s Minus endogenous activity*
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ENZYMATIC ACTIVITY OF NaF STIMULATED CELL SUSPENSIONS 
The Initial Investigations were made on 2 of the 
products of glycolysis (lactate and pyruvate) and subse­
quently on some of the tricarboxylic acid cycle inter­
mediates to determine if activity on these substrates 
could be initiated by the addition of fluoride* In the 
first experiment (Table 11) it was found that although 
there was some activity on lactate alone, the oxidation 
of this substrate was greatly Increased by the addition 
of NaF. Acetate activity in the presence and absence of 
NaF was only slightly greater than the control*
Calculating the number of moles of oxygen taken up 
per mole of lactate added showed that 0*76 moles of oxy-
Table 11
Stimulation of Lactate Oxidation by NaF
Microliters of Oxygen Uptakew
Time In 
Minutes Control NaF Lactate
Lactate
NaF
Acetate 
Acetate NaF
130 28 43 69 153 33 53
225 46 53 102 188 50 62
Auto-activation of the control began at approximately 
140 minutes* None of the other flasks showed an increased 
uptake at this time* Two tenths milliliters of M/25 
solutions of substrate were added. The NaF coneentration 
was 4 x 10”*4m . Fifty milligrams (dry weight) of cells 
were added per flask.
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gen had been consumed at the end of 225 minutes* This 
Indicates that the lactate had been converted to pyru­
vate (this would require 0*5 moles of oxygen per mole 
of lactate), and part of the pyruvate was converted to 
acetate* The oxygen uptake rate of the control (NaF 
plus cells) at 225 minutes was much slower than that of 
the flask with lactate, NaF and cells added, therefore, 
the lactate had not been completely utilized so it is 
Impossible to tell from these data how far the lactate 
was oxidized* As acetate was not oxidized or oxidized 
very slowly, lactate oxidation probably stopped at this 
stage*
The oxygen uptake after 120 minutes due to the add­
ition of NaF was 15 microliters (43 - 28) and that due 
to the addition of lactate was 41 microliters (69 - 28)* 
The sura of these two values plus the oxygen consumption 
of the control equals 84 microliters. This shows that 
the rate of lactate oxidation is almost doubled in the 
presence of NaF (153/84 equals 1*82).
Xn an attempt to stimulate activity on other organic 
acids (Tables 12a and 12b) by adding NaF, it was found 
that the endogenous flask with NaF had even less activity 
than the endogenous flask without fluoride* The cells in 
this case were not as young as those used in the previous 
experiments and the inability of NaP to stimulate respira­
tion probably resulted from an inability of these older
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Table” 12a
Organic Acid Oxidation by Resting Cells 
of Streptococcus lactis
Time in 
Minutes
Microliters of Oxygen Uptake*
Pyruvate Citrate Alpha-lceto
glutarate
Succinate Fumarate
65 96 -8 11 -1 -27
110 175 -8 15 -8 -34
200 205 2 33 -5 -43
* Minus endogenous uptake. Four tenths milliliters of 
M/25 solutions of substrate were added. Fifty milligrams 
(dry weight) of cells were added per flask.
Table 12b
Organic Acid Oxidation by Resting Cells 
of Streptococcus lactis 
in the Presence of NaF
Time in 
Minutes
Microliters of Oxygen Uptake*
Pyruvate Citrate Alpha-keto 
glutarate
Succinate Fumarate
65 63 4 -5 -2 -1
110 96 3 -1 -5 -5
200 142 3 4 -7 -6
Minus endogenous uptake. Four tenths milliliters of 
M/25 solutions of substrate were added. Fifty milligrams 
(dry weight) of cells were added per flask. The NaF 
concentration was 4 x 10** ^M.
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cells to activate their non-fluoride sensitive respira­
tory system*
There was an immediate activity on pyruvate and a 
low rate of oxygen uptake with alpha-kstoglutarate*
Both of these oxidations were inhibited by NaF* Fumarate 
seemed to inhibit oxygen consumption significantly in the 
absence of NaF and slightly in its presence*
Since the cells were not stimulated by NaF, the neg­
ative results obtained with citrate, succinate, and fu­
marate are not significant*
ACTIVATION OF RESPIRATION IN S. LACTIS BY EXTRACTS FROM 
ESCHERICHIA COLI STRAIN 450
The gradual loss of the capacity to produce the act­
ivating material by _S* lactis suspensions made it Imper­
ative to find a new source of activator* Escherichia coli 
and Aerobacter .aerogenes are known to utilize some tri­
carboxylic acid cycle acids in the Warburg apparatus and 
have recently been shown to have tricarboxylic acid cycles* 
It was postulated that these organisms also require the 
activating material during aerobic acid utilization, and 
probably produce it much more readily then S* lactis*
This is indicated by the Immediate activity of cell sus­
pensions that have been adapted to the Intermediates of 
the cycle*
An attempt was made to use these organisms as a source 
of activator* The cells were cultured overnight in a base
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medium containing 0,5 per cent glucose, harvested by 
centrifugation, washed and resuspended in M/15 phosphate 
buffer pH 7,0 for two hours* The cells were then removed 
from the buffer by centrifugation at 1530 x g for 15 min­
utes* The supernatant buffer prepared in this manner was 
found to have the capacity to activate S^ _ lactis respira­
tion (Table 13)*
The results obtained upon addition of supernatant 
medium from the A* aerogenes culture show a gradual de­
crease in the rate of respiration for about 1^ - hours
Table 13
Activation of S. lactis Suspensions by Supernatant 
Solutions from E* coli and A* aerogenes
Microliters of Oxygen Uptake'*
S* lactis S* lactis S* lactis
Activator Activator Supernatant Supernatant
Time in from from Medium from Medium from
Minut es E* coll A.aerogenes A.aerogenes E* coll
60 202 125 114 -28
120 512 474 150 -44
180 805 826 282 -40
Minus activity of control containing S* lactis cells 
plus succinate. The uptake of this control was "34, 54, 
and 55 microliters at 60, 120, and 180 minutes respect­
ively* Six tenths milliliters of M/50 solutions of sub­
strate were used* One and one half milliliters of buffers 
or media were added per flask. Fifty milligrams (dry 
weight) of cells were added*
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followed by an Increasing rate* This is what one might 
expect to find if glucose and the activator were both 
present* The results from the control flask containing 
only supernatant medium from the E* coli culture plus 
succinic acid is of importance because it shows centri­
fugation to be sufficient to reduce the cell population 
to a level low enough to make oxygen consumption, due to 
their presence, insignificant*
Activity of S* lactis Cells Actlvated by E, coll Super­
natant
For a comparison of the enzymatic activities of S* 
lactis suspensions activated by E* coll supernatant buffer 
with those activated by incubation see Tables 1 and 14*
The rates of oxygen uptake by the cell suspensions 
in the earlier experiment wars in the following decreasing
Table 14
Enzymatic Activity of S* lactis Cells Which Were Activated 
by Supernatant Buffer from E* coli Suspensions
Microliters of Oxygen Uptake*
Time in 
Minutes Pyruvate Citrate Aconitate Succ inat e Fumarat <
100 25 74 84 107 61
225 52 212 273 401 140
* Minus endogenous activity* Six tenths milliliters of 
M/50 solutions of substrate wrere added* Thirty milligrams 
(dry weight) of cells were added per flask*
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order: succinate, glucose, lactate, citrate, pyruvate, 
and glucose-l-phosphate. Examination of these data 
(Table 14) shows the oxygen consumption rates on the sub­
strates used to fall into the following decreasing order* 
succinate, aconitate, citrate, fumarate, and pyruvate. 
Three substrates were used in both studies and in both 
cases they fell into the following order of decreasing 
uptake rates: succinate, citrate, and pyruvate.
The activity on citrate is of special importance in 
this latter work for Wheat and Ajl (1954) have shown E. 
coll suspensions to be incapable of aerobic citrate util­
ization in the Y/arburg apparatus. This greatly reduces 
the possibility that the uptake may be caused by a carry 
over in the buffer of E. coli which may in some way be 
responsible for the activity.
Production of Activating ^aterlal
These investigations were stimulated by a desire to 
produce the most active E. coll preparations possible* 
Cultural Conditions
The activator producing capacity of glucose grown 
cells was compared with acetate grown cells. This was 
done to determine whether glucose had any effect on acti­
vator production by E. c oli suspensions as it did with S.
wmm
lacti3 suspensions.
The cells were grown in the base medium plus 0.5 per
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cent energy source; culture aeration was carried out by 
agitation on a wrist shaker* Six 1 liter flasks each 
containing 600 ml of medium supplied the cells* This al­
lowed a cell yield from 600 ml of culture for each differ­
ent cell suspension treatment* Water suspensions of 
washed E* coli cells were treated in the vario\is ways 
shown in Table 15*
Table 15
The Effect of Variations in Cultivation and Treatment of
Cell Suspensions on Activator Production
Microliters of Oxygen Uptake1*4,
Time in 
Minutes
Room
Temp*
Cells held 4 hours at:
Aeration
Room
Temp.
40°F
Acetate grown cells
45 19 35 12
75 42 44 30
135 96 63 34
Glucose grown cells
45 -3 14 -3
75 5 20 -2
135 7 24 -3
Minus activity of control without activator added. No 
substrates added. Thirty-six milligrams (dry weight) of 
cells added per flask*
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It appears that aeration stimulates the elution of 
the activator, but when these results are plotted graph­
ically, they resemble glucose curves that have an initial 
decreasing rate of uptake followed by an Increasing rate. 
Acetate grown cells definitely had a greater capacity 
to produce the activator, and holding the suspensions at 
room temperature seemed to give best results* If resus- 
pending the washed E* ooli cells simply caused the leaching 
from the cell of one of its constituents, the temperature 
at which the cells were held should not be too important*
In this case agitation produced by aeration might also be 
expected to stimulate elution of the activator* Another 
possibility would be the excretion of some metabolic pro­
duct; excretion being greater at room temperature where 
the cells would be more metabolically active than at 4Q°F* 
Some clue to the nature of the type of material that 
may come from cells which have been suspended In distilled 
water can be found in the Investigations by Sal ton (1951)* 
He found supernatant liquid from water suspensions of E* 
coll to have maximum absorption in the ultraviolet spectrum 
at a wave length of 260 millimicrons* Free purines and 
pyrimidines contributed to this maximum absorption*
Wood and Gunsalus (1942) produced active dehydrogen­
ases In resting cells of streptococci by the cultivation 
of the cel3.s in a well buffered medium rich in nitrogen
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and accessory factors, and low in carbohydrate* The 
effect of these various cultural conditions on activator 
production by resting cells of E. coli was investigated* 
Nutrient broth was used as a base medium with additions 
of 0*3 per cent yeast extract, 0*5 per cent sodium acetate, 
and 0.5 per cent KgHPO^ and 0*1 per cent KHgPO^. Five 
media were prepared: nutrient broth with all 3 components 
added, and 3 flasks of nutrient broth each lacking a dif­
ferent one of the 3 components*
No noteworthy effect was produced by the addition of 
yeast extract, acetate, or the buffer pair.
Treatment of E. coli Suspensions
Salton (1951) determined the amount of leaching of 
materials from cell suspensions at different time intervals 
and found a maximum leaching time, after which it began to 
fall off* A similar time relationship undoubtedly occurs 
when E* coll cells are suspended in a suspending medium 
and the activator is given off extra-cellularly, therefor®, 
an experiment using variations in holding time was set up. 
Also included in this experiment were 3 different suspend­
ing media.
It can be 3 eon from Table IS that 4 hours of resus­
pension gives a much greater yield of activator than 
shorter retention periods. The optimal time for holding 
the E. coll suspensions was not determined as the 4 hour
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period gave good results and fit well into the daily 
laboratory routine*
When atte»pts were made to concentrate supernatant 
buffer under reduced pressure and temperature, phosphate 
crystals precipitated out of solution; this treatment made 
the solution inactive* Although saline suspensions gave 
better activity in this experiment, distilled water was 
subsequently used as a suspending medium for E. coli be­
cause concentration of supernatant saline would cause 
the undesirable concentration of NaCl*
Table 16
Activator Production as Influenced by 
Treatment of Cell Suspensions
Micro11ters of Oxygen Uptake
Suspending Time
Time in 
Minutes
4 hours 
in dist. 
water
3 hours 
in dist* 
wat or
2 hours 
in dist* 
water
4 hours 
in 
saline
4 hours 
in 
buffer
75 123 71 -6 190 109
135 332 202 11 458 290
Minus uptake of flask containing S_* lactis but no acti­
vator. Two milliliters of supernatant suspending media 
per flask* Six tenths milliliters of M/50 solution of 
succinate added to each flask* Forty milligrams (dry 
weight) of cells per flask*
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Nature of the Activating Material
The new source of activator from E. coli made it 
possible to get further evidence as to the nature of the 
activating material* The ultimate goal of this phase of 
investigation being the purification and identification 
of this substance*
Thermostability and Pilterability
The first effort to characterize the activating mater­
ial from E. coli was to subject it to 56°C for 30 minutes, 
a temperature that denatures most protein, and to see if 
it would pass through a Seitz filter*
This experiment (Table 17) shows that the material 
is thermolabile and will not pass through a Seitz filter*
Table 17
Thermostability and Fliterability 
of the Activating Material
Microliters of Oxygen Uptake*
Time In 
Minutes Activator
Activator
no
Succinate
Filtered
Activator
Heated Activator 
■ Activator no
S* lactis
120 11 6 7 7 -5
300 296 231 -1 -a i H
^ Minus uptake of flask containing S* lactis but no acti* 
vator. One and seven tenths milliliters of activator 
were added** Six tenths milliliters of M/50 solution of 
succinate wore added to each flask* Thirty six milligrams 
(dry weight) of cells per flask*
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As a Seitz filter is known to have a charge which retains 
most proteins the filterabillty of the activator through 
a Selas filter was tested (Table 18)*
Only partial loss of activity was cansed by filtra­
tion through the Selas filter. This, plus the fact that 
the material is inactivated by heating at 56°G for 30 
minutes, indicates that the activating material is protein 
in nature. Another significant point is that filtration 
removed all of the S. coli from the supernatant buffer 
showing activation in the complete absence of E. coli.
Coneentratability
The purpose of this work was to find out if the act­
ivator could be concentrated to increase its activity.
Table 18
The Effect of Selas Filtration 
on the Activity of the Activator
Time in 
Minutes
Microliters of Oxygen Uptake
Activator
Filtered
Activator
Non-activated
Buffer
60 97 22 20
150 426 94 49
210 596 256 113
* Six tenths milliliters of M/50 solution of succinate 
were added to each flask. Two milliliters of buffer (acti­
vated and non-activated) were used. Forty milligrams 
(dry weight) of cells per flask.
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The method used for concentration was the second of 2 
that have previously been described*
It can be seen from Table 19 that concentration 
definitely increases the activating capacity of the super­
natant solutions, and thus provides a method of concen­
trating dilute solutions for study*
Diffusibility
When the concentrated activator was placed in cell­
ulose dialyzing tube3 end allowed to equilibrate for 16 
hours against a distilled water dialyzing medium, some of 
the activity was lost* Ten milliliters of activator was 
dialyzed against one liter of dialyzing medium; to par­
tially allow for any dilution of activator which might
Table 19
Activating Capacity of Concentrated Activator
Time in 
Minutes
Microliters of Oxygen Uptake"*
Ml of Cone* 
Activator
2*0 1*0 0*5
Ml of Unconc* 
Activator
1.0
Ml of 
Distillate
2.0
30 25 19 12 5 8
60 68 43 23 17 10
90 144 87 45 32 18
* Minus uptake of control containing S* lactis cells 
alone* No substrates added* Thirty six milligrams (dry 
weight) of cells per flask*
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be diffusible a ten fold concentration of the dialyzing 
medium was made#
Table 20 shows, although there is a loss of activity, 
this treatment does not canpletely Inactivate the E. c oil 
suspension supernatant, and it also shows the activator 
to be nondiffusible#
The decrease in activity of the supernatant suspending 
medium may be due to the loss of dialyzable cofactors# 
Ammonium Sulphate Precipitation
Numerous attempts were made to prepare an active 
ammonium sulphate precipitated fraction of E# coli super­
natant. The results of the only successful attempt are 
shown In Figure 7# The E# coli cells were prepared as
Table 20
Diffusibility of the Activating Material
Mlcrollters of Oxygen Uptake**
Ml Cone# 
Activator
Milliliters Milliliters 
Dialysate Dialysing
Medium
Time in 
Minutes 1,0 2#0 1.0 0#5 2.0 1.0 0.5
105 110 112 86 45 5 9 8
165 335 277 216 124 5 9 8
* No substrates added. Thirty six: milligrams (dry weight)
of cells per flask#
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described in Materials and Methods in most of the studies. 
After concentration to approximately 100 ml* the superna­
tant was centrifuged to remove any E. coli that might 
still remain, and was then precipitated with ammonium 
sulphate.
In this experiment the active supernatant water that 
wa3 used consisted of a mixture of preparations that had 
been kept in the refrigerator for periods up to 2 weeks. 
The total volume of these preparations was about 3 liters. 
This material was not concentrated and was not centri-. 
fuged prior to precipitation at 20 per cent saturation 
with ammonium sulphate.
The supernatant liquid from the 20 per cent fraction 
was subsequently precipitated by 40, 60, 80, and 100 per 
cent ammonium sulphate saturation* Each precipitated pro­
tein fraction was removed and redissolved in 10 ml of dis­
tilled water, placed in a cellulose dialyzing tube, and 
dialyzed against a liter of distilled water for 16 hours 
at a temperature of 40°P. It is possible that the im­
purities in the distilled water could have inactivated 
the activator in some of the previous investigations.
The interpretation of these results is difficult.
It appears that some oxldizable material is present in 
the 20 and 40 per cent saturation fractions. If this up­
take were due to the activation of cells to oxidize some
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endogenous substrate or the succinate which had been 
added, the total uptake should be the same for all the 
cells. The best explanation of the activity of the 60 
and 80 per cent saturation fractions is that the acti­
vator is precipitated out at a concentration slightly 
higher than 60 per cent, t h e  60 per cent fraction con­
taining some of the activator but most of it being present 
in the 80 per cent fraction. The 100 per cent fraction 
contained no activity.
Another explanation for the activity from the 20 
per cent fraction would be that centrifugation of the $ 
liters of activator after the first precipitation may 
have concentrated enough JS. coll to produce this activity*
It should be pointed out that the activating mater­
ial may not actually be protein, but may be absorbed onto 
the protein. This absorption raa:/' take considerable time, 
thus, accounting for all of the negative results with 
fresh preparations.
Symbiosis
The difficulty of consistantly preparing good active 
preparations of E. coli supernatant precipitated a study 
on the activation of S* lactis by small concentrations of 
S. coli. The problem of obtaining definite evidence that 
one particular organism is responsible for a certain act­
ivity when it Is examined in the presence of another
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100
5 and 6
TIME IN HOURS
Figure 7 Activity of ammonium sulphate pre­
cipitated fractions. Four tenths milliliters 
of M/50 succinated added per flask. Thirty 
five milligrams (dry weight) of cells per 
flask. Two milliliter quantities of precip­
itates were used.
1 = 20# saturation fraction; 2 = SO# satura­
tion fraction; 3 = ^0# saturation fraction;
4- = 60# saturation fraction; 5 = 100# satur­
ation fraction; and 6 = control of cells and 
succinate.
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organism is well known. It was felt, however, that If 
there were a synergistic effect, the desired information 
could be obtained through the use of sufficient controls*
An investigation showed that there was a synergistic 
increase in respiration (Table 21) j the sum of the oxygen 
uptake of the S. lactis and E. coll cells examined separ­
ately was 62 microliters at the end of 115 minutes com­
pared to 310 microliters when the 2 organisms were sus­
pended symbiotically.
Table 21
Synergistic Respiration of S. lactls and E. coli Suspensions
Microliters of Oxygen Uptake-5*
Time in 
Minutes 2.0
Milliliters of E. coli Suspension 
1.0 0.5 0.25 0.0 2.0**
115 310 251 152 111 52 12
* No substrates added. Nine hundred million E. coli cells 
per milliliter. Three hundred billion S. lactls cells per 
flask. (Cell numbers were determined by comparison of 
suspensions with BaSO^nephelometer tubes.)
jj0 g# lactls added.
After It was found that there was a synergistic in­
crease in respiration, an experiment was undertaken to de­
termine which organism could be credited with the increased 
oxygen consumption (Figure 8). This experiment consisted
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of removing flasks from the Warburg periodically and 
running nutrient agar plate counts on the cell suspen­
sions to see if the activity could be explained by 
growth of the E. coli.
Escherichia coli is known to have a relatively simple 
nutritive requirement for growth and this experiment would 
show whether this organism would grow in the presence of 
metabolic products and cell debris found in incubated sus­
pensions of S. lactls. Plate counts were run on E. coll 
suspensions that were suspended in the presence of living 
S. lactls cells and heat killed S* lactis cells (heated 
to 70°C for 10 minutes)#
This experiment (Figure 8) showed the oxygen consump­
tion of E. coli cells suspended with heat killed S• lactis 
cells to be due to growth# This was not the case when E. 
coll cells were suspended in the presence of living jS. lac­
tis cells. At the time the synergistic increase in oxy­
gen uptake started there were 240*000 E. coli cells per 
milliliter and 95 minutes later there were only 89,000 E. 
coll cells per milliliter. The oxygen consumption in 
this case could not be due to growth of E. coli and it 
appeared that the j3. lactis cells were toxic to the E.
coll cells. This is not surprising as Hirsch and Grin- 
sted (1951) and others have shown that S. lactls produces 
several antibiotics.
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62,000,000 E. coll 
celle/ml
4-00
00
7,300,000 E. coll 
celle/mlo
cells/ml
100
60,000 E. coll cells/ml
24-0,000 E. coll cells/ral
TIKE IN HOURS
Figure & Shifts in E. eoll cell population when sus­
pended in the presence o"f‘ living and killed S. lactls
cells. Two tenths milliliters of M/25 succinate were 
added per flask. E. coll cell numbers determined by- 
nutrient agar plate counts. Fifty six milligrams 
(dry weight) of S. lactis per flask.
1 = S . lactls (heated) + E. coll; 2 = 3 .  lactls + E.
coll; and 3 = S. lactls alone.
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M
4 and 5
TIME IN HOURS
Figure 9 Synergistic respiration of S. lactls and 
E. coli. Sidearms tipped at 3 hours and 15 minutes. 
Two tenths milliliters of M/25 succinate Were used. 
Nine hundred million E. coll cells and "$00,000,000,-
000 S. lactls cells were used. Cell numbers were 
determined by comparison with BaSOjj. nephelometer.
1 = S. lactls + E. coll (succinate tipped); 2 =
S. lactls + E. coll (water tipped); 3 =t S. lactls 
"Cheated) + E. coll (succinate tipped); 4 = ST 
lactls (succinate tipped); 5 = 3 *  lactls + E. coll 
(heated) (succinate tipped); and 6 = E. coll 
(succinate tipped).
85
The effect of adding a substrate to symbioticalLy 
suspended cells was next tested. The results in Figure 
9 show that there was a synergistic activity when suc­
cinate was added to the _S. lactis and E. coli mixed sus­
pension. This increased rate was almost identical to 
that obtained from the E. coli and heat killed S. lactls 
suspension. The controls: S. lactls plus E. coll with 
water added, £>• lactls and E. coli alone with succinate 
added and S, lactls with heated E. coli plus succinate 
showed very little increased activity.
About all that can be concluded from these results 
is that there is synergistic, increased respiration; the 
increased respiration of the E. coll and killed £>• lactis 
suspension was probably due to the energy source (succin­
ate) that was made available for the continued growth of 
the E. coli cells.
The concluding experiment in this series was under­
taken to verify the previous results showing a reduction 
in cell numbers of E. coli when suspended in the presence 
of S. lactis and to determine the shifts in the cell popu­
lation of S. lactis in mixed and unmixed cell suspensions.
The results shown in Table 22 confirm those of ear­
lier experiments; they show that the E. coli population 
increases in the presence of heated S. lactis, decreases 
when suspended alone, and decreases more rapidly in the
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presence of living S. lactis. On the other hand, the 
gradual decrease of iS. lactis cell numbers seems to be 
about the same in the presence or absence of living or 
dead E. coli cells.
Table 22
Cells Population Shifts in Mixed Suspensions 
of S. lactis and E. coli
Humber of Cells per milliliter*
Time in Hours
Suspension 0 3 6
E. coli
E. coli 520,000 350,000 380,000
E. coli 
S. lactis
520,000 
(heat ed)
1,500,000 4,100,000
E. coli 520,000 13,000 26,000
S. lactis 11 billion
S. lactls 
2,500 million
less than 
100 million
S. lactis 11 billion 
E. coli (heated)
1,100 million 100 million
S. lactis 
II* coli
11 billion 1,900 million 500 million
* Heated suspensions held at 70 C for 10 minutes. E. 
coli numbers determined by nutrient agar plate count’s. 
S. lactis numbers determined by Baribo and Fraziers 
modified medium agar plate counts.
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It can be concluded from these results that there 
Is a synergistic increase ;In respiration when mixtures of 
S-. lactis and E. coli cells are examined; this respira­
tion is not due to growth of either organism. The best 
way to explain this synergistic phenomenon in the light 
of previous Investigations would be that the E. coll 
cells are synthesizing the activator and, thus, stimulate 
S. lactis respiration.
DISCUSSION
Reports in the literature indicate that S. lactis 
is incapable of active aerobic respiration. It has been 
shown to ferment carbohydrates but reports on activation 
of non-carbohydrate compounds are almost unknown* Even 
in carbohydrate fermentation strict conditions of culti­
vation have been given in order to be able to demonstrate 
the dehydrogenases of glycolysis in cell suspensions*
This investigation, however, yielded results indi­
cating that under certain conditions S. lactls suspensions 
are capable of active aerobic respiration and that they 
may also have the capacity of oxidizing a number of non­
carbohydrate substrates*
Active aerobic respiration was first observed when 
a manometric experiment with cell suspensions was con­
tinued for a period of over 3 hours* It was found that 
after a period of 2|r hours or more the cells began to 
actively respire, and it was assumed that they were syn­
thesizing some substance(s) or system required before 
they could utilize some endogenous substrate (presumably 
non-carbohydrate) aerobically* When glucose was added 
to the cell suspensions, there was a slight initial up­
take that gradually decreased* The inactive period that 
followed the initial activity extended for a period of
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time that was considerably longer than the inactive per­
iod of those cell suspensions containing no glucose.
This indicated that glucose or glycolysis had an inhib­
itory effect on the aerobic respiration and accounts for 
the respiratory inactivity reported in the literature. 
Streptococcus lactls cannot be cultivated in the absence 
of a carbohydrate energy source and the endogenous glu­
cose of these carbohydrate grown cells would inhibit 
active aerobic respiration.
If some material were being synthesized before active 
respiration took place, it seemed reasonable that the add­
ition of a precursor of the substance would shorten the 
Inactive period and give some indication of what was being 
synthesized. The addition of a number of enzymes and co­
enzymes, and other miscellaneous materials did not give 
this information. The inability of these materials to 
activate the suspensions need not eliminate all of them 
as precursors of the activating substance as the cells 
may have been impermeable to the material or may have been 
Incapable of converting them to a utilizable form.
Although these investigations did not reveal the 
nature of the activating material, two Important facts 
were obtained. First, NaF, an inhibitor of glycolysis, 
was found to stimulate immediate respiration in the sus­
pensions. This explains the extended period of inactivity
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when glucose is added, to the cell suspensions* Evidently 
the respiratory system that is not fluoride sensitive is 
involved in the oxidation of some endogenous substrate 
would not start to function until all of the glucose was 
dissipat ed*
The second clue to what was taking place during the 
auto-activation of £5. lactls suspensions was supplied when 
S* lactis 9 was found to be capable of oxidizing ascorbic 
acid; this was not a reversible oxidation reduction but 
the importance of the reaction was its similarity to glu­
cose oxidation. Only in the lowest concentration of as­
corbic acid did the cell suspension auto-activate itself 
and this activation required a longer period than that of 
the control containing no ascorbic acid. There was no 
inactive period before ascorbic acid oxidation took place 
indicating that the same hydrogen transport system used 
in glycolysis was involved} the oxidation probably went 
to dihydroascorbic acid and not down through the glyco­
lytic scheme. This indicates that the inhibiting action 
of glucose and ascorbic acid oxidation is caused by the 
operation of their hydrogen transport system* A second 
hydrogen transport system which is utilized only in the 
absence of glucose apparently cannot operate until some 
material, required in its function, is synthesized. This 
synthesis evidently cannot take place during the operation
91
of the other more commonly used system involved in glucose 
and ascorbic acid oxidation*
Another elucidating finding was that supernatant sus­
pending media from cell suspensions which were actively 
respiring would completely do away with or greatly reduce 
the inactive period in freshly harvested cells of strain 
9 and also 2 other strains that were tested* Xt is inter­
esting to note that when £>• laoti3 8 was activated by 
supernatant buffer from an active S* lactls 9 suspension, 
glucose oxidation was much more rapid indicating a more 
complete oxidation* This more complete oxidation of glu­
cose, it could be supposed, would involve the operation 
of both respiratory mechanisms indicating that once the 
second system is functioning the presence of glucose is 
not inhibitory* This brings us back to the assumption 
that some substance is being synthesized before S* lactis 
9 can utilize some endogenous suhstrate(s), and the inactive 
period is not due to an inhibition of some system that is 
already formed*
As with most metabolic activities, the activity of 
these cell suspensions depended on how the cells were cul­
tivated* The age of the cells was very criticaj.; very 
young cells appeared to have a high endogenous glucose 
concentration and thus required a longer period of time 
before beginning the period of increasing oxygen uptake
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than did cells which were slightly older but which had a 
lower endogenous glucose concentration* If the cultures 
were allowed to go just a little too long, the inactive 
period was greatly increased or activation never took 
place*
The glucose concentration of the media was also of 
importance in determining whether the cell suspensions 
would become active* A 0*3 per cant glucose concentration 
gave more active cells than did a 0*5 per cent concentra­
tion* There was also evidence that a 0*15 per cent con­
centration yielded cells which were active without an in­
active period. The favorable effect of maintaining a 
relative high pH in the media after growth may have been 
due to the lower glucose concentrations used in controlling 
the final pH, but the final pH in the presence of 0*5 per 
cent glucose was approximately 3*9 and it seemed undesir­
able to expose the cells to this high acidity* Thus, the 
effect of lowering the glucose concentration was probably 
two-fold; it reduced the endogenous glucose concentration 
of the cell suspensions and helped to maintain a higher 
final pH in the media*
Variations in the concentration of cell suspensions 
also gave evidence that some material was being synthesized 
before activation. The greater the cell concentration in 
a suspension, the shorter was the inactive period. If some
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substance were being synthesized and had to reach a cer­
tain concentration before respiration started, it would 
seem that increased cell concentrations would shorten the 
time requirement*
An attempt was made to characterize the nature of the 
activating material. Studies were made on supernatant 
suspending media from active S_. lactls suspensions and on 
supernatant material from E. coli suspensions that had 
the capacity to activate respiration in S. lactis cells.
The £>• lactls supernatant was found to absorb light at 
340 millimicrons after reduction with sodium hydrosulfite, 
and to be able to stimulate respiration in the 2 other 
strains of S_. lactls which were tested. The material from 
E. coli was thermolabile and would not pass through a 
Seitz filter but was only partially inactivated by Selas 
filtration. In one case it was precipitated in the active 
form by ammonium sulphate fractionation. These results 
indicate that the material is protein in nature. However, 
it is possible that the active material was only absorbed 
onto the protein in the one successful precipitation ex­
periment, thus, accounting for a number of unsuccessful 
attempts.
An enlightening observation involving activator pro­
duction by E. coli was that acetate grown cells were better 
activator producers than glucose grown cells. This is in
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agreement with the results obtained with S_. lactis,
The main purpose of this investigation was to find 
out if S. lactis suspensions could, under certain condi­
tions, utilize the lactic acid formed from glycolysis.
Most of the investigation involved a study of the condi­
tions required for active respiration, but some informa­
tion was acquired regarding the oxidation of lactate and 
several other substrates. It was found that lactate was 
oxidized very slowly unless WaP was added to the suspen­
sions, Therefore, lactate oxidation seems to involve both 
respiratory systems; oxidation by the first system being 
very slow. When the first system ceases to function (when 
glycolysis Is blocked or glucose is depleted), the second, 
more rapid system Is utilized.
It appeared from the amount of oxygen consumed during 
the oxidation that lactate was oxidized to acetate. Pyru­
vate was oxidized probably to acetate and the hydrogen 
transfer system seemed to be the one Involved in glycolysis 
as the oxidation was immediate and was partially inhibited 
by UaP, Acetate and some of the other tricarboxylic acid 
cycle Intermediates that were examined were not oxidized 
in the presence or absence of WaP (these were freshly har­
vested cells which had not become auto-activated).
An early investigation showed immediate activity on 
some of the Kreb-cycle substrates by cells which had been
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activated by incubation. Although the activity could 
have been influenced by sane unknown factors, it is pos­
sible that the organisms had oxidized their endogenous 
lactic acid through a pathway that would have adapted 
them to the substrates that were added during the experi­
ment •
Succinate oxidation had the highest oxygen uptake 
rate in this investigation and was subsequently used 
numerous times to give a better contrast in oxygen up­
take in suspensions before and after activity started.
These investigations showed this organism to oxidize suc­
cinate but did not definitely reveal if the enzymes in­
volved were adaptive or constitutive as the organism could 
have adapted during the period of respiratory inactivity.
These results would lead one to conclude that S. lac- 
ti3 9 has constitutive enzymes for the oxidation of lac­
tate, pyruvate, and possibly alpha-ketoglutaratej it was 
also indicated that succinate, acetate, citrate, aconitate, 
and fumerate axe capable of being oxidized by S. lactls 
but more work needs to be carried out before any definite 
conclusi otis can be made.
When S. lactis 8 was activated by supernatant from 
ii* lactis 9,;; fcuccinat e, lactate, and glucose were added 
as substrates. The results of this experiment showed that
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all 3 substrates were oxidized imnediately, and indicates 
that succinate is attacked by a constitutive enzyme in this 
strain. A thorough examination of the enzymatic activity 
of S. lactis 9 and other strains of S. lactis would be very 
helpful in clarifying the potential oxidative powers of 
this species.
The ability of S. lactis to oxidize lactate under 
certain conditions may provide a possible explanation of 
the loss in acid producing capacity during storage of 
starter cultures. Lactate oxidation may also be important 
in the ripening of sone efoeesea. It could lead to a de­
crease in acidity by the production of non-acid compounds 
or by the formation of compounds such as butyric acid. In 
this case two lactate molecules would be required to syn­
thesize one molecule of butyric acid.
SUMMARY
The following is a summary of the findings of this 
study:
(1) Resting cells of S. lactis were found to 
begin active aerobic respiration if incubated in the 
Warburg s$>paratus for a sufficiently long period of 
time*
(2) Supernatant buffer from actively respiring 
cell suspensions was capable of activating freshly har­
vested cells*
(3) It appeared that the cells were capable of 
using two respiratory mechanisms. One of the mechanisms 
required a period of time for the synthesis of some sub- 
stance(s) that was necessary in order to have the system 
function.
(4) The addition of glucose or ascorbic acid 
to the cell suspensions initiated an immediate oxygen 
consumption but lengthened the time required before the 
second respiratory system would operate* This suggests 
that the synthesis of the activating material required
by the second system is inhibited when the system involved 
in the oxidation of glucose and ascorbic acid is active*
(5) The addition of NaP, an inhibitor of gly­
colysis, stimulated an immediate activity in the second 
system*
97
98
(6) The age of the cells Is important in deter­
mining the length of time of r e s p i r a t o r y  inactivity.
3est results are obtained with young cells which have a 
low endogenous glucose concentration.
(7) Glucose, ascorbic acid, pyruvate and lac­
tate seem to utilize one system of hydrogen transport 
while lactate can be oxidized at a much faster rate by
a second system. There was evidence presented that some 
of the tricarboxylic acid cycle intermediates were oxi­
dized; this oxidation seemed to involve the second system.
(8) Supernatant suspending media from suspen­
sions of E. coli were also capable of activating respir­
ation in £5. lactis suspensions.
(9) Mixed suspensions of S_. lactis and E. coli
showed synergistic respiratory characteristics.
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